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j4 Memoir on the Magnetic Isoclinal and Tsodi/namic Lines 
in the British Islands, from Observations by Professors 
Humphrey Lloyd and John Phillips, Robert Were Fox, 
Esq., Captain James Clark Ross, H.N., and Major Ed- 
ward Sabine, R.A. By Major Edward Sabine, R.A., 
F.R.S. 

At the meeting of the British Association, held at Cambridge 
in the year 1833, a resolution was passed, recommending that a 
series of determinations of the magnetic dip and intensity should 
be executed in various parts of the United Kingdom. 

Early in 1834 Professor Lloyd, who had attended the meet- 
ing at Cambridge, proposed to me to unite with him in carrying 
the recommendation of the Association into effect as far as re- 
garded Ireland. I was at that time employed on the staff of 
the Army in the south-west district of Ireland, and found 
it not incompatible with other duties to undertake that portion 
of the island. Our observations were continued at intervals 
throughout that year, and until the autumn of 1835, in the sum- 
mer of which year we were joined by Captiun James Clark Ross. 
A report of our operations, draivn up by Professor Lloyd, was 
made to the British Association, assembled in that year in Dub- 
lin, and was printed in 183G in the fourth volume of the Asso- 
ciation Reports. A re- calculation of the Irish results, incorpo- 
rating the observations which have been made since in that part 
of the United Kingdom, has been furnished by Mr. Lloyd, and 
occupies its appropriate place in this report- 
Mr. Robert Were Fox, who was present at the Dublin mee1> 
ing in 1835, brought with him an apparatus for magnetic ob- 
servations on a new construction of his own invention, with 
which, after the meeting, he made several observations of the 
dip in the course of a tour in the west and north of Ireland. 
These observations, with others made on his return through 
Wales, were published in 1836, in the report of the Royal Po- 
lyteclmic Society of Cornwall for 1835. Several of these ob- 
servations were made in houses, and were consequently liable 
to disturbing influences. Mr. Fox has selected eight deter- 
minations of the dip in Ireland, and nine in Wales, as free from 
objection on this account; and with his permission they are 
now incorporated in the present report. 

Having obtained two months leave of absence from military 

duty in the summer of 1836, 1 employed them in extending the 

survey to Scotland, by observations at twenty-seven stations dis- 

VOL. VII. — 1838. E 



\ 




KIGHTH REPORT 1838. 

tributed over that country ; forming the basis of a memoir on ' 
the Scottish Isoclinal and laodynamic lines, which was printed 
in the fifth volume of the Association Reports, and published in 
1837. 

In the aaine summer Professor Lloyd commenced the mag- 
netic survey of England by a series of observations at fourteen 
stations, principally in the midland and southern districts ; these 
observations have not been hitherto published, and will be found 
in their place in the present memoir. 

The interest which had been excited at the meetings of the 
British Association by the Irish and Scotch Magnetic Reports, 
induced Professor Phillips to provide himself with an apparatus 
for the dip and intensity ; having particularly in view the inves- 
tigation of the influence which be deemed it possible the con- 
figuration of the surface, or the geological character of the di- 
strict, might have on the position or on the inflexions of the lines 
representing these phienomena. In the summer of 183? Mr, 
Phillips visited and observed at twenty-four stations in England, 
chiefly in the northern district ; these observations arc now first 
published. 

In the same summer Mr. Fox determined the dip at twenty 
stations in the north of England and south of Scotland ; and in 
the summer of 18fi8 at eight stations in the south of England, 
extending from London to the Scilly islands ; at some of the 
latter stations he also observed the intensity; these observa- 
tions form part of the present memoir. 

In August 1837 Captain James Ross commenced a series of I 
magnetic observations, which he continued almost iminterrupt- ^ 
ediy until the close of 1838 ; they extend over England, Ire- 
land and Scotland generally, and comprehend fifty-eight sta- 
tions. His observations of the dip and of the intensity are in- 
cluded in the present memoir. 

I^astly, between August 183? and October 1838, 1 have taken 
advantage of an interval between military duties, to observe the 
dip and intensity at twenty-two stations, distributed for the 
most part round the coaatsof England and Wales, and extended 
into Ireland and Scotland for the purpose of accomplisliing a 
more complete connexion of the different series. 

It has been the wish of the four gentlemen connected with 
me in this undertaking, that I should draw np the memoir of 
what our joint labours have accomplished. Our observations 
have been now carried over the whole extent of England, Ire- 
land and Scotland ; and may be considered in their combination, 
and by their extent, to obtain, in some measure, the character 
of a national work ; presenting to the immediate requisitions of 
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, tlie actual state of the ph«eiioiiieiia of the magnetic dip 
and intensity in the British islands ; and furnishing for distant 
times the menns of n compariaon, whereby the tjecular changes 
of these elements may be correctly judged of, 

It has been found convenient to divide the report into two 
parts, the first comprising the obaeryations of the Dip, the se- 
cond those of the Intensity. 



Divisic 



-Dip. 



In the memoir on the magnetical observations in Ireland 
(British Association Reports, vol. v.), Mr. Lloyd has noticed 
the discrepancies which fiai'e been occasionally found in the re- 
sults of ohservations of the dip made at the same station with 
different instruments. The observations of Captain Rosa at 
Wetjtbourne Green, which are there related, place these discre- 
pancies in the strongest ligltt. Captain Ross employed eight 
needles, making from eight to ten observations with each, each 
observation consisting of eighty readings; i. e. of ten in each 
of the eight usual positions. The dip at Westbourne Green, 
resulting from each of these needles considered separately, va- 
ried from GS^Ol'-S to 69° 42''6. On these discordances Mr. 
Lloyd remarks as follows : " TIiub it appears that there is a dif- 
ference amounting to 41' in the results of two of the needles 
used; and that the difference is very far beyond the limits of the 
errors of observation, will appear from the fact, that the extreme 
difference in the partial results with one of these needles, B (I), 
does not amount to 4*4, while with the other, (P), the extreme 
difference is only 2'. In fact, it so happens, that these very 
needles which differ most widely in their mean results are those 
in which the accordance of the partial results is most complete. 
Of the eight results obtained witli needle P, there is one only 
which differs from the mean of the eight by a single minute; 
and yet the mean of all the observations with this needle differs 
by more than 20' from the mean of any of the others, while its 
excess above the mean of tlie entire series amounts to 25'. 

*' These differences cannot he ascribed to any partial mag- 
netism in the apparatus, for three of the needles (I, P and R) 
were of tlie same dimensions, and were used with the same cir- 
cle, and yet their results, as we see, are widely discordant. We 
must seek then in the needles themselves the cause of these 
perplexing discrepancies ; and we are forced to conclude that 
there may exist, even in the beat needles, some source of con- 
stant error which remains uncorrected by the various reversals 
usually made; and that accordingly no repetition of obserra- 
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lions with a needle ao circumatauced can furnish even an ap- 
proximation to the absolute dip," 

I may add to the preceding reaiarliB, that the discordances 
thus noticed far exceeded the limit of either diurnal or irregular 
fluctuations of the dip in England,. as far at least as these phe- 
nomena have hitherto been the subject of observation. 

An attentive consideration of the various sources of error to 
which dip observations might be liable, — of those which were 
already guarded against, and of those which stilt remained un- 
provided for, — induced the belief, that a considerable part at least 
of the discrepancies in question, and of similar discordances ex- 
perienced elsewhere, were occasioned by the axle, on which the 
needle rests on the agate planes, not being perfectly cylindrical. 
Careful observers on the continent had already noticed defects of 
workmanship in this respect j and had been led thereby to have 
needles made, hi which the axle, instead of being permanently 
fixed to the needle, was secured in its place merely by strong 
friction, and could be taken out, turned a portion of a circle on 
its oivn centre of rotation, and replaced; thus euabUng the 
points of the circumference of the axle in contact with the sup- 
porting planes to be varied in successive trials. ■ At Captain 
Ross's desire, Mr. Robinson undertook to have four needles of 
this description made, for one of which Mr. Frodsham, whose 
chronometers are so well known for their excellence, undertook 
to make the axle. On these needles being completed, they were 
tried each in four different positions of the axle, — that is to say, 
the axle being secured, an observation of the dip was made in 
the usual manner, and with the usual reversals : — the axle was 
then removed, turned on its own centre a portion of a circle, 
replaced, and the dip again observed : — in like manner, a third 
and Fourth change was made in the position of the axle, and the 
dip observed at each. The process thus described was twice 
repeated with each needle. Of the four, Mr. Frodsham's axle 
proved the best ; but the trial clearly manifested in all the im- 
perfection which had been apprehended. The results with the 
needle furnished with Mr. Frodsham's axle are given in the 
subjoined table, where that needle is designated as No. I . 

With this experience Mr. Robinson undertook to replace the 
axles of the other three needles with three which should be the 
workmanship of his own hands. On these being tried, the dis- 
crepancies of each in the four positions were less than of any of 
the four axles in the former trial, but still amounted to several 
minutes. The results of the best of Mr. Robinson's axles have 
been selected for illustration, and are those of No, 2. in the sub- 
joined table. 
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Table 1. 
Trials of the AxlCs of the under-mentioned Dipping Needles. 



Needle 1. Frodflliam'a axle. 


Needle 2. Holimsons axle. 1 


Poiition of 




Mend Dip. 


K?^°.r' 


PdIm: 


Mwn Dip. 




» 69 31-5 
fl 68 48-2 
<t 70 01 2 
^ 69 44 

^ 69 52'6 
. 70 068 
,8 69 43-1 


69 li-4 
69 5i-r, 
69 13-3 
69 54-9 


1 
S ■ 


« 6S 4^3 
/3 70 02.9 
« 70 I5'6 
& 68 40-] 
« 69 13'3 
H 69 391 
« 69 49-8 
(3 69 08-6 


69 82-6 
6!) 27-8 
69 e6-3 

69 39-2 


"SnE^A 


^pciti.,,. J 


69 33-05 


"af^'S'^"™ } 69 26-3 [ 






, f « 69 433 
^ "i ^ 69 54-6 

a ; «;o 11-2 

- \ ,3 69 Bl-9 
„ ( « 69 05-4 

^ i ^ 69 m 

. / - 69 42-9 
' "i y3 69 54-9 


69 18-9 

70 01-5 
6!) 2fr3 
69 48-9 


3 . 

'{ 


ElperimfBl 

|3 68 43 
« 68 53.1 
(3 70 05-8 
« 69 50-8 
,a 68 55-2 
> 69 03-6 
S 69 56 6 


69 18-5 
69 39 5 
69 33 
69 29-6 


"rfS^"**^;^!"!!! } ^ ^^"8 


""Vh^^lTi'""'""'" } ^^ -^'^^1 



The observations having been made in a house, tlie dip ob- 
served is not tiie true dip in London. This is immaterial, as the 
object of the experiment was solely the agreement or otherwise 
of the results in the different positions of the axle. 

Had the axles been perfect, the same dip should of course 
have been given in all positions of the axle ; we perceive, how- 
ever, that the differences in the one needle amount to above 40', 
and in the other from 7' to 1 1'. The results of these experiments 
fully impressed Mr. Robhibon with the necessity of employing 
more efl'ectnal means for ensuring a true figure to the axles of 
dipping needles ; and in several M'hich he has since made, and 
wiiich have been carefully examined, he has proved successful. 

Ha\'ing exhibited the discrepancies of the earlier needles, it 
may be satisfactory to show the improvement in some of the later 
ones ; and for that purpose the following observations are given 
with needles which were afterwards employed in the general ob- 
servations of this report. The axles of these needles, being made 
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to revolve, were successively tried in four positions, whicli were, as 
nearly as could be guessed, a quarter of the circumference apart ; 
had they been precisely so, tbe needle must have rested on the 
same points of the axle, in the Ist and 3rd positions, and in the 
2d and 4th, (as the poles are reversed in each observation), and 
the results in those positions ehould have been the same ; but 
as this can have been only approximately done, each position may 
be considered as bringing a different set of bearings into play. 
The observations were made as before, in Mr. Robinson's house, 
and have therefore no reference to the true dip. 

Table II. 

Trials of the Axles of the undermentioned Dipping Needles. 
London, June and July, 1838, 



PcsltioDi 


..tP.i. 


rndftlr. 


art Plr. 1 




R.B. 


R. 0. 


H, 7. 


W. 1. 


W. B. 


2 
3 
4 


is U-a 

r,9 43-S 
89 38-1 
69 43-4 


^ 43-5 
69 39-9 
6H 4e'2 

89 U-8 


6°9 39-8 
69 40-4 
69 41-4 

69 3fr8 


Ifl 431 
89 40-8 

69 47-0 
69 38-8 


ifo 48-4 
80 50'1 
60 49'5 
69 63-5 


^9i8-9 

ee 46-0 

89 46-7 

89 47-8 


Mean... 


fi9 42-5 


69 .1.1-6 


69 400 


69 42'4 


68 50-5 


69 47-4 



In alt these six needles a great iniproveuient was manifested. 
The greatest difference occurring in any two positions of the 
axle of any one of the six needles is 8', including of course ac- 
cidental errors of all kinds. 

Tlie imperfection of the axle is a source of error, from the 
effects of which, if it exist"), the results can scarcely be freed 
by any mode of conductmg the ob'servation ; at least, without 
going through the very tedious operation of observing round 
the circumference of the a\le on every occasion. When accu- 
racy is desired, therefore, onlj >!nch needles should be employed, 
as have been escertauied bj preliminary trial to be nearly 
free from this defect. Needles with revolving axles are easily 
tried. Those of the ordinary description, in which the axle is 
permanently fixed, may be examined by observing the angle of 
mclination shown by tbe needle when the circle is turned in 
different azimuths from that of the magnetic meridian, and by 
computing the dip by meiins of appropriate formulie, from the 
angles shown in the different azimuths. If the axle is perfect the 
dips BO computed should all accord. In the azimuths intermediate 
between the magnetic meridian and its normal plane, the needle 
rests successively on all points of the axle comprised in a por- 
tion of the quadrant equivalent to the complement of the dip j 



and the correBponding points of the otlier tliree quadrants be- 
come in turns the points of support in tlie customary processeg 
of the reversals of the poles and circle. If this operation is 
gone through at any part of the earth ou or near the line of no 
dip, the whole of the quadrant is thereby subjected to exami- 
nation. In such situations, consequently, this method affords 
the means of examining the whole circumference of the axle ; 
and in all other localities, as much of the circumference as 
amounts to four times the complement of the dip. Whatever 

Eortion in the latter cases remains unprovided for, may be tested 
y converting the needle, temporarily, into one on Mayer's 
principle. This can easily be done by the application of a.litUe 
wax i the quantity of VFhich may be varied at pleasure, so as to 
correspond with the weights of different sizes, by wliieh, in 
Mayer's method, the angles of inclination, from which the dip 
is computed, are varied in successive observations. By one or 
other of these processes the true dip at any station can be 
obtained from any and every inclination of the needle ; and every 
part of the circumference of the axle can consequently be tested. 
In what has been said, it has been presumed that there 
is no magnetism in the circle itself, as, should such exist, it 
would certainly become the source of discordance in the results 
derived from different azimuths, or from different weights, in- 
dependently of any defect in the axle ; and so far, thereforei 
the agreement of the results in such trials (should they he found 
to agree) indicates with great probability the freedom of the 
circle from magnetism as wet] as the goodness of the axle. But 
Mr. Lloyd has employed and has described in a subsequent 
part of this report an independent and much more delicate mode 
of examination for magnetism in the circle. 

The customary provision of two needles for each apparatus 
does not alone afford security against the errors which may be 
occasioned by either of the defects to which I have now al- 
luded. In respect to the axle, if the results of the two needles 
are accordant, it is thus far satisfactory, that it certainly is not 
probable that both needles should have accidentally exactly the 
same imperfection ; but if they differ, the observer has no guide 
as to which is to be preferred; whilst their mean result cannot 
usually be more than an approximation tn the true dip, for it is 
also improbable that the two needles should have an exactly 
equal amount of error in opposite directions. As a means of 
delecting magnetism in the limb, two needles are of no more 
avail than one ; because both are directed to the same point of 
the circle when observed with at the same station, and, if a dis- 
turbing influence exists, both will be subjected to the same error. 
If, however, one of the needles is temporarily fitted on Mayer's 
plan, — and the dip is obtained in successive experiments from 
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arcs diReriiig very widely from each other, and distributed ge- 
nerally round the whole circle, — and if the results in such case 
accord well with each other, and with those of the unweighted 
needle, — it may be concluded that there is no disturbing influ- 
ence in the limb. 

Those who are desirous of making accurate observations, 
should regard the preliminary examination of the axle and limb 
of the apparatus they employ as an indispensable precaution. 
When these points have been satisfactorily examined, and the 
instrument is found correct, the natural magnetic direction, 
both in regard to azimuth and inclination, is the most advan- 
tageous for the observation of the dip. Il is in the preliminary 
examination, that the method devised by Mayer, and that of 
varied azimuths, are chiefly valuable*. 

It may now he satisfactory to exhibit the observations that 
have been made at Westbourne Green in tlie years 1837 imd 
1838 with different circles and approved needles. {Table III.) 
The greater part of these instruments were made by Mr. Robin- 
son since hia attention has been particularly directed to the cir- 
cumstances above noticed; and those who will take the trouble 
to compare their performance with that of the several needles 
employed by Captain Hoss at the same station in 1835, 
will have an opportunity of judgliig how great an improve- 
ment has been effected in our English dipping needles since 
that period. Of the two other instruments not made by Robin- 
son, one was made by Gambey for Captain Fitz Roy, of the 
Royal Navy, and kindly placed by that officer at my disposal, to 
be employed in the observations in this report. The excellence 
of the dipping needles of this artist is too well known to need 
any comment in this place. The other instrument was made by 
Mr. Thomas Jordan of Falmouth, the artist employed by Mr. 
Fox to make the dip apparatus on tlie construction which be 
has devised, and which is described in a paper in the 3rd vol. 
of the "Annals of Electricity, &c." Mr. Fox's needles do not rest 
on a cylindrical axle supported by planes, but the axle is ter- 
minated by exceedingly fine and short cylindrical pivots, which 

■ The needle employed by Sir Everard Home in llie obaervatious publislied 
in tbe last volume of [be Phil. Trans. 1838, Part 2, uppears, by ita resulU at 
the AthenEBum at Plymouth, and at Ham, near London, to have given dips ex- 
ceeding tbe truth by about bitlf a degree. It is probable that a carelul c: 

lion would trace this error to imperfection in the asle ; and in such cat 

of a conllary character would exist wlieii the axle shoulil rest on some other 
points of its circumference, and may have influenced the detenninalioiia at 
Bome of Sir Everard's foreign stations. By the methods pointed out iti this 
report, a table of errors at different dips might be formed for this needle, by 
which ita tesulls might be corrected. This addilioual trouble would be well 
bestowed in perfecting this extensive seriea, on which eo much paina havo 
already been expended. 
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work in jeweled holes. By means of t!ie *' deflectors " which 
make a part of Mr. Fox's apparatus, the dip may be deduced 
from readings at various parts of the circle, and there is there- 
fore the same opportunity of discovering errors caused by mag- 
netism of the circle, or by imperfection in the bearings of the 
axle, as the azimuthal and Mayer's methods furnish in needles 
of tlie ordinary construction : the jewel-plate itself is also made 
to revolve, so that the resting-places of the axle in the jewels 
may be changed at pleasure. The performance of these needles 
sufficiently indicates the great care bestowed on their workman- 
ship. As the different observations in Table III. include an in- 
terval of eighteen months, they have been rendered more strictly 
comparable by the addition of a column, in which they are re- 
duced to the common epoch of the 1st January, 1838, by ap- 
plying a proportional part of the annual rate of decrease of the 
dip in Loudon at this time, which, from reasons that will be 
assigned hereafter, is considered to be 2''4. 

Table III. 

Observations of Dip at Westbourne Green in 183/ and 1838, 

with approved Needles. 



Artirt. 


Needle. 


Observer. 


..„. 


ObEcived Dip. 


"^T.^^: 


BobiDson.. 


PI. 


Phillips 


M.y 30, \m 


69-22-5' 


69°Z1-1' 




pa. 






69 17-9 


69 le-a 


Gambey . . . 


Gl. 


Hoss. 




69 20-6 


69 19-7 




G2. 






69 19-8 


69 18-9 


KobinsoQ . . 


PI. 


Phillip* 


March 28, 1838 


80 19-5 






P3. 






69 17-0 


69 17-6 


Jordin .... 




Fox 


June 8, 1838 


69 17-0 


69 18-0 




■wi. 


Rou 


June 16, 1838 


69 16-3 


69 17-3 




W2. 






69 129 


69 14-0 




114. 




July 6, 1838 


69 13-7 


69 H-S 




R5. 






69 12-8 


69 14-0 




Be. 




July 7, 1838 


69 14-0 


69 15-2 




B7. 






69 16-4 






B4. 




Dec. i, 1838 


69 15-S 






R5. 






69 12-B 






R6. 




Dec. 10,1838 


69 15-9 






B7. 






69 11-4 
Mean 


69 16-7 
69 17-3 



The subjoined tables, IV., V., VI., VII., VIII., exhibit in de- 
tail the azimuthal examinations which have been made of some 
of the instruments employed in the observations contained in this 
report; it has appeared the more desirable to give these tables, 
because the practice of this method is new in this country. 
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Table IV. contains observations made at Tortington on the ^ 
17th of October, 183?, with Captain Fitz Roy's Gambey, and 
its needle No. 2. The dip ia here successively deduced fronl 
the angles of inclination observed in azimuths 90" apart from 
each other. In such case, cot* 5=cot* i'+cot' /', S being the 
true dip, and i and i* the angles of inclination in any azimuths 
90° apart. In the first example in the table, i is the angle of 
inclination shown by the needle when the plane of the circle is 
removed 10° from the magnetic meridian ; that is, when it is in 
the direction of N. 10° E., and S. 10" W ; t therefore includes, 
and is the mean of observation with the poles direct and re- 
versed, and with the indejc of the azimuth circle at 10° and 190°j 
i" is in like manner a mean of the angles of inclination with the 
poles direct and reversed, when the index of the circle is at 
(10+90°=) 100°, and at (100+180°=) 280°: here eot*i + cot' 
»'=cot^ 69° 13'-5 + cot^ 86= 15'-2=cot'Si whence S=68°56'-64. 
In the next deduction, the values of i and t* are obtained mth 
the index of the azimuth circle at 20= and 200°, (20 + 90°=) 1 10° 
and 290°, and so forth. ■ 

Table IV. 1 

Tortington, Oct. 1?, 183?, with Captain Fitz Roy's Gambey, H 

Needle 2. Observer, Major Sabine. ■ 




1 


Fi>Ui 


verKd. 


Mnn. 


.^:u 


j 


.^. 


'.IS 


Uean. 


^^ 




fo 

190 
100 
380 

80 
SOD 
110 
280 

30 
210 

m 

800 
40 

sao 

13U 
310 


^I'S 
8907 

Kei2 
»eB5 

r004-5 
7000'Z 
82363 

8345-5 

nao 

71 2B'2 
78(»-; 
79iO-5 

73377 
73 23-8 
7607 
78 163 


[i%03 

69 2D 
BS28-7 
85 55 

80 SO 

70 18 
8350-7 

8223-5 

71 IS-2 
7J40-: 
7926 

rS56 

73 18-3 
7310-2 
76 23-2 
73 55 


}aa 13-6 
1 88 15-2 

} 70 02-7 

|8339 

1 71 30-4 
|70 13 

73 30 

■7010-4 


18856-64 

L 88 55-64 
[68 56-96 
U8 36'3S 


go 

230 
140 

330 

60 
240 
150 

330 

70 
350 
100 
340 

SO 
260 
170 

350 



ISO 


7loft.5 
75 53-2 
7334-2 
7344-3 

79 08-7 
7BS2-a 
7134 
71 3.1-2 

B3 31-7 

8218-8 
70 05-7 
7007-5 

86 11 
85 58 
8909-3 
6913 

6855-5 
68 52 


75 60-7 
7613 
7349-3 
7324-3 

78 48 

79 lfi-5 

7i30-S 
71 19-3 

8214 
82 36-5 
7032-5 
69 52-5 

85 44 

86 14-7 

6930-5 
89 02-3 

S8 46 
6U13-2 


} 78 00-9 
JTSSS 

1-7901-6 

} 71 35-7 

1 83 33-2 
|7007 

86 01-5 
691.3-9 


Lesss-u 

16858-05 

lesss-ss 

16854-90 
58 56-4 
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The mean of the nine results in the preceding table is 68° 56'- 1 . 
Each angle is a mean of four readings. Total number of read- 
ings, 272. 

Table V. (in two parts) contains observations made by Cap- 
tain Edward Johnson, R.N., F.R.S., and myself, with the same 
circle and needle, in the Regent's Park, London, on the 15th 
and I6th November, 183?. In this case, the reversal of the 
needle on its supports was made a part of the series, in addition 
to the reversals in the last table ; tnus the values of i and i' are 
each the mean of eight angles instead of four. 

Table V. 
Observations tvith Capt. Fitz Roy's Garabey, Regent's Park, London. 
Observer, Captain Johnson. 1837, 



Nw, 


&lllBUth 


Ma Dir«l. 




«-.. 


DipDeducrt. 


mJ!- 


^..,«.. 


DiiKt |Kcv,»rf. 


IS. 


{■;; 


^9 l9-'25 
69 19-75 


fi°9 ll^Sa 
89 24-88 


d» 16:73 S°9 33-'25 
BB 43-75| 69 2875 


t'si^l}^^'^-^ 


«9 25-35 




r 'fi 

stte 


70 
69 58 
84 15-0 

8i as 


69 40-6 

70 07 5 
84 36 
84 13 


69 30 

70 13-5 
84 37-6 
84 135 


70 U4'3 
69 59 

84 28-5 
84 30-5 


^*^?:j}84 26.5 


1 69 22-08 




8« 

310 

120 
300 


72 04 
71 54 
79 15 
79 28 


71 43-5 
73 03 
79 31-5 
79 (I9-5 


71 4B-5 

78 14-5 

79 33-5 
79 06 


73 08 
72 00 
79 14-3 
78 37 


JJ-f} 71 39-93 


i 69 35-30 


15&16 


m 

135 
315 


75 12-5 

75 07 
75 03-5 
75 05 


74 58-3 

75 16 
75 11 
78 00 5 


7i37 
75 193 
75 175 
74S2-6 


75 16-25 
75 03 

75 06-5 

76 07 


75 09-6 „ „ , 
75 01-! } " "■■* 


Us 31-30 




eu 

S40 

150 
330 


79 29 
79 26 
71 55 
71 56-5 


70 10 

70 34 

73 04 

71 45 


79 13 
78 37 

72 12-5 
71 46-5 


79 38 
79 15'5 
71 .'i2-5 

71 58'a 




[so 94-36 




73 

1G3 

345 


84 33-5 

84 28 

69 56-5 

70 53'5 


84 31-3 
84 31 

70 04-5 
69 51'5 


84 18 
81 4l'j 
70 17 

69 48 


81 385 
84 21 
60 B7 
70 M-5 


!4 30-J 1 «• '" 
70 03-75 1 „, ,^. 

»n S74 } ™ M-s 


LeS 32-30 


16. 


{'", 


69 17-6 
69 20-S 


69 297 
69 13J 


69 41-5 
69 10 


69 07-75 
69 38 


g »"}•»*»' 


69 23-30 


Genera Mmii. 1 





p 
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Table V. V 




Jbeervationa with Captain Fitz Roy's Qambey, in the Regent's Pari^^ 
London. jH 




Observer, Major Sabine. 183?. 


1 


Sot. i 


LUmulh. 


FdIei 


DirKt. 




Meuik. 


Dip Dedurad 




Nee 


die. 


DirJ" 


die. 


15. 


(J 


g9 20-8 
69 17-5 


6% f4.5 
69 23-2 


el i'67 

69 43 


69 26-3 


Si &5 }•»"■« 


69 24-75 






r 15 
ins 

105 

28S 


70 03 

69 59'5 
84 18 
84 32 


69 19 

70 10 

84 40-5 
84 15-5 


69 45 

70 19 

84 383 
84 16 


70 05-5 

69 59 
84 23 
84 33 




1 89 22-61 








30 
210 
120 
300 


72 02 
71 54 
79 13 
79 24-5 


71 43 

72 06 
79 35-5 

79 12-5 


71 465 

72 12-5 
79 32-5 
79 02-5 


72 11 

72 07 
79 23 
79 23 


11 '^l }'"«■' 

79 26 _o ^.a 
79 15'6 } '^ ^^ 


1 69 35-78 






IE&16 


45 
235 
138 
315 


75 07-5 
75 06 
75 04-5 
75 07-5 


74 59-5 

75 14 
75 10 
74 57-5 


74 58-5 
73 15 

73 20 

74 54 


75 21-25 
75 04-0 

75 08-e 
75 OS 


75 06-7 1 -= „H.- 
75 09-9 ■ ^^ "8 3 

75 10-751 .= „..g, 
73 01-75/"''^''* 


1 69 24-47 








60 
241) 
150 
33U 


79 24 
79 24-5 
71 505 
71 57-5 


79 133 
79 36 
72 035 

71 44 


79 16 
79 37-5 
72 14-5 
71 45 


79 42 

79 16 
71 64-5 

71 56-5 


79 23-9 1 -3 „-., 

72 00-751 „ ...,, 
71 50-75 J- " ^*" 


lea 2417 








75 
255 
165 
345 


84 37 
84 28-5 

69 55-6 

70 06-5 


84 22-5 
84 33 
70 05-5 
69 49 


B4 19-7 

84 36 
70 18 
69 50'5 


84 37-5 
84 29 

69 57 

70 05 


84 a9'2 "1 ft, qn , 
84 31'4 I ^* ^3 

^^"^.73h«^-« 


169 23-08 






18. 


/ 180 

L 


69 ai 


69 33 
69 13-2 


69 42'7 
69 12'S 


69 43-5 


iim^^'^ 


69 24 




General M«n. 


69 24-11 


Each of the numbers, both in Captain Johnson's and Major 
Sabine's observations, is a mean of the readings of the two ends 
of the needle. In the azimuths and 180° each imniber is also 
a mean of two distinct observations, between which the needle 
was raised from its supports, and lowered afresh. At ail the 
other azimuths one such observation by each of the observers 
was considered sufficient. The total number of readings is 224 
by each observer. 
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Observations witli Gambey'a Circle and Needle 2 at Dover; 
by Major Sabine. 1837- 



Aidmuih. 


Fkb Df N»dl« lo (kte <rf rarele. 


.„... 


Pole. 


Fslu 
Reicrwd. 


««n. 


D... 


J& and 2°10 
ISO and 300 

60 and 340 

150 and 330 

and 180 


l\ 311 
79 Oi-S 
79 07- 1 

71 se-4 
68 *8-B 


7133 

78 59-1 

79 09-8 
71 29-6 
eS 54-8 


7°13'3 1 

n 01-8 / 

79 08-5 1 
71 28 / 

68 51-8 


68 S3-2 
OS 52-9 
68 51-8 


On I be aide of the 
hill aboTe Arch- 
cliff Fort on Ibe! 

Beneath Shak- < 
apeare'. Cliff on 
the 7ih November. 












30 and 310 
190 and 300 

60 and a«) 

ISO and 330 

and ISO 




71 30-5 
79 02-2 
79 14-5 
73 21-7 
68 52-7 


71 325 

78 51-5 

79 13 
71 37 
68 54-6 


71 31-5 1 

78 S8-4 1 

79 13-7 1 
71 24-4 / 
68 53-6 


68 51-3 
68 52-3 

88 538 


B8 52-4 











Table VII. contains observations by Professor Phillipa, with 
a six-incb circle by Robuison, and its needle I. The inclination 
of the needle 0) was observed with the circle in different azi- 
muths (^}, and the dip computed from the inclination found in 
each azimuth by the formula cot S = cot i sec Q, 

Table VII. 
Observations of the Dip with Mr. Phillips's Circle and Needle I . 



rom, Sept. 13, 1838. 


HFlmilcT. Sept 14, IS38. 


MlWn. SepMJ, 1B38. | 


Ailmiitli.|IiiGliiuUon 

e 1 i 


r 


e 


-•■-1 -r 





""""i"'"' 


T 


00 % a'o-6 


?n BO-6 


00 


70 5'7-4 


?o r;7-4 


00 


h ivi 


?o 5V7 


10 




70 61-5 


10 


71 14-2 


70 58-0 


10 






so 


71 53-7 


70 49-1 


20 


73 01-7 


70 56-0 


30 


71 54 


70 49-3 


30 


73 16-9 


70 52-5 


30 


73 21-5 


70 57-5 


30 


73 15-5 


70 30* 


40 


73 04-6 


70 48-5 


40 


75 13 


70 59-5 


40 


75 03 


70 47 


so 


77 33-5 


70 47-3 


SO 


77 31-4 


71 00-0 


SO 


77 261 


70 52-S 


60 
M 


80 07-9 
■an Dip.. 


70 49-9 


liO 


80 16 


71 04-0 


60 


80 03-9 


70 45-4 


70 48-6 


M 


an Dip.. 


70 68-9 


M 


*n Dip.. 


70 49-8 



62 



BIGHTH RBPOBT — 183S. 



Table VIII. contains observatioiiB by Captain James Ross, 
with a six-inch circle by Robinson, and its needles R. 4. and 
R. 6., at Jordan Hill, in September 1838. Tlie dip is here com- 
puted by the formula, cot*8 =cot'J +cot*i'; and in the 
final coUunn the dip observed in the ordinary manner, i. e. in 
the azimuths and 180°, is inserted for comparison. 

Table VIII. 

Observations with Robinson's Needles R. 4. and R. 6,, Jordan 

Hill, September 183S. 

Observer, Captain James C. Ross. 

Needle U. 4. 



».. 


Poles a. 


Poles ,i. 


Uiuni. 


DID 


fm^= 


Needle 


Reveiia]. 


K.! 


H^v^e-?.'^. 


eo 
no 

ISO 
330 


i\ '4-B 
81 iS 
7i 31-6 

71 47-2 


81 3-6 
74 27-8 
74 29-B 


81 3-3 

74 19-8 
74 40'B 


§1 i'b-5 
80 44-5 
74 d2'3 
74 28 


}•■ '•■ 

|74 32-1 


Ua 81-8 


79 122 


Needle R. 6. 


i5 
225 
135 
815 


77 107 
75 5'8 
77 18-5 

77 lS-7 


77 5'5 
77 24 
77 S 
77 23-3 


77 26 
77 22-8 
77 251 
77 217 


77 26 
77 13 
77 21-2 

77 22-9 


|77 16-7 
J77 IH 


Us 19-4 


W 177 



Aiuiual Alteration of the Dip. 

The observations of dip included in this report, extend over 
an interval of four years and upwards. To reduce these to a 
common epoch, we require to know the amount of the changfe 
which the dip undergoes from year to year. In the Reports on 
the Magnetic Observations in Ireland and Scotland, an annual 
decrease of three minutes was provisionally assumed ; but we 
must now endeavour to assign the amount with somewhat 
greater precision. 

In the Slfit volume of the Annalen der Pliysik, M, Hansteen 
has assembled all the most trustworthy observations of the dip 
in London, Paris, Berlin, and Geneva during the present cen- 
tury, and the latter part of the last; and has computed fron\ 
them the most probable amount of the annual decrease of the 
dip at each of those stations, corresponding to every tenth year, 
from lytiO to 1830. As the results of this investigation have 
not been published, I believe, in tliis country, I have subjoined 
a table ia which they are exhibited. 
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Table IX. 
Annual Decrease of Dip. 



Year. 


Paris. 


London. 


Berlin. 


Geneva. 


Mean. 


mo 


.f-75 


^■90 


5-2B 


^■04 


^'49 


1790 


6'92 


457 


4-71 


4-71 


4'9S 




G-11 


4-21 


4-15 


4-38 


4-46 




i-3d 


3'88 


a-fls 


i-m 


3'95 




3'47 


3-55 


3'03 






1830 


2-61 


3'32 


2'4G 


3-3H 


3-93 



Tlie differences which appear in tlie progression and rate of 
the annual decrease at the four stations in this table, are proba- 
bly attributable in far greater proportion to incidental errors in 
the observations, than to the actual existence of such differences. 
We may consequently regard the final column, or the mean of 
the results at the four stations, as affording, in all probability, 
a more satisfactory conclusion in regard to tlie rate of change at 
any one of the stations than is drawn from the observations at 
that station only. 

We may proceed to examine how far this rate of decrease cor- 
responds with the most recent observations made in Britain. In 
August 1821, I made a series of more than usually careful ob- 
servations on the amount of the dip in the Regent's Park tn 
London ; employing for that purpose a needle on Mayer's 
principle, with weights of different magnitudes to obviate the 
liability to any constant instiumental error, and continuing the 
observations during several days in order that the general re- 
sult might approximate the more nearly to the true mean dip 
at the period. These observations were published in the Phil. 
Trans, for 1822, Art. I. ; their final result being a dip of 70" 
02''9, corresponding to the middle of the month of August 
1821. To compare with this, we have the observations made 
ill London, at different timeij and in different localitieii, by 
the contributors to this report. It is proper that we should 
employ for the present purpose only those observations which 
give entirely independent determinations ; viz. those only which 
are complete in all the requisite positions of the needle and 
circle, including the reversal of the poles, and which need no 
correction for instrumental defects. Of such observations we 
have those at Westbourne Green, already given in Table III. ; 
those ill the Regent's Park, contained in Table V. ; an obser- 
vation by Mr. Fox, in May 1838, in a field west of Maiden 
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Lane, and one of mine, on the 13tli of October, 1938, in the | 
gardens of the Palace at Kew. These are collected in the foI-_ 
lowing table. 

Table X. 

Observations of the Dip in London in 18.57 and 1838, 
with approved Needles. 



D.(e. 


OtaHrer. 


Dipob.er.ed. 


"—'"—"■■ 


1837. 


Pbtllipa 

Ross 

Johnson & Sabine 

Pliillips 
Fox 
Fox 
Ross 
Ross 
Ross 
Ssbino 
Rois 
Ross 


4&m2 

119 20-3 
09 23-9 * 

G9 IS'3 
69 190 
89 170 
69 14-5 
69 13-3 
69 15-2 
69 16-5 
69 Ul 
69 I52 


Wesiboumft Green. 
Regent's P«rk. 

Westbourne Green. 

Maiden Lane. 
Westbourne Green, 
Westbourne Green. 
Westbourne Green. 
Westbourne Green. 

Kew Gardens. 

Westbourne Green. 






183B. 




June B 


June 18 

July 8 

July 7 

Oct. 13 

Dec. 4 

Dee. 10 


•'""{"'"•'"".'/m' 


to thebeginningl 


C9 17-3 



We have therefore 70°02'-9 in August 1821, and 69°17'3 in 
May 1838; or a diminution of 45'-G in IG'7 years, equivalent 
to a mean annual decrease of 2''73, corresponding to the middle 
of the interval, or to the beginning of the year 1830. The 

• This is 

deDldedly the highest of the reHults tram which the mean dip in London haa 
been derived, 'the obBervationa with the same instrument at Kew, as well as 
every comjiariaon between this aiid other instruments, give reason to believe 
that the high dip in the Regent's Park, in November 1837, ie not attributable 
to any inatrnmental error. It may then have nriaen either from the dip on 
those days being actually greater by three or four minutes than its general 
average, or from some local disturbing influence. The locality is the same in 
which the observations in 1S21 were made, and the result in question may 
on that account appear more atticlly eomparable with them ; Init though 
the locality is the same, it is not one in wliicli we can feel confident that no 
change may have occurred in regard to magnetic infhience. The Regent's Park 
is certainly not bo eligible a situation bow for iiiagnetic experiments as it wa» 
in 1S21. These considerations have induced me to derive the London Dtp in 
1838 for the purpose in the text, from the mean of the observations and looal- 
itiea in Table X, rather (ban from thoae in the Regent's Park alone ; and Dot 
(0 give lo the latter result that additional weight in comparison with i""~ 

others to which it would seem entitled as derived from observations ir 

azimuths. 
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1 rate for the samn year in M, Haiisteeii'a table is 2''93, 
whicii muBt be regarded as a satiafacbory accordance, the dif- 
ference being less than exists between tlie rate for that year at 
any one of the stations in M. Hansteen'a table, and tbe mean 
of the fonr stations. We may infer from the accordance, there- 
fore, that both these numbers, 2''93 and 2'' 73, are extremely 
near the truth; and I have employed that which results from 
onr own observations, namely, 2''7'3 corresponding to 1830. 
Following the progression in M. Hansteeii'e table, the rate of 
decrease would become 2'-4 in 1836, which is the middle pe- 
riod of the observations contained in this report. In tbe re- 
ductions to a common epoch, 3'"4 has consequently been em- 
ployed as the mean annual decrease of tbe dip in the British 
Islands between 1S34 and 1838. In the absence uf any certain 
knowledge in regard to the unequal distribution of the yearly 
decrease in the different months of the year, I have regarded it 
as taking place in the uniform proportion of tf-S per month. 

Ill a recent comAiniii cation to the Royal Irish Academy, Mr. 
Lloyd has stated the result of thirty-nine observations of the dip 
in Dubliu between October 1833 and August 1836, which, com- 
bined by the method of least squares, give 2'*38 for the most 
probable rate of the annual diminution of the dip in Dublin 
during that period. Tliis result, though drawn from so limited 
a period, is in remarkable accordance with the deduction from 
the observations in London, and furnishes a strong presumption 
that the rate thus found is applicable both to England and Ire- 
land. Ill regard to Scotland, no observations have as yet been 
made, I believe, with this particular object. The general 
aspect of the observations in Scotland, at different dates, con- 
tained in this report, would certainly indicate a less annual 
change than has been deduced from the observations in England 
and Ireland ; and in every instance in Scotland where obser- 
vations have been made at the same station and at diJFerent 
periods, either by tlie same or different observers, the evidence 
is of the same nature, — the results would be brought into better 
accord if a smaller rate of decrease were adopted. In the case 
of the Shetland Islands, the dip observed by Captain Ross at 
Lerwick in August 1838, 73° 15'. compared M'ith that observed 
by Sir Edward Parry and myself in June and November 1818, 
74° 22', makes a decrease of 3?' in twenty years, or a yearly 
diminution of l''85, corresponding to the mean epoch of 1828. 
The ob.'iervations of 1818 and of 1838 were made in the same 
garden . The identity of the spot, — the length of the interval, — 
and the repetition of the observations on different days on both 
occasions, — all give weight to this comparison ; and strengthen 
, VOL. vn. 1838. F 
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the inference, that the rale of annual decrease is less in Scot- 
land than in England. Still, in the absence of more positive 
data, I have not chosen to make any assumption ; and have 
employed the one rate for the whole of the British Islands. 
The general result in Scotland, i. e. the maeB of observations 
taken collectively, is independent of the amount of this re- 
duction, the sum of the + and — reductions to the mean epoch 
of the 1st of January, 1S37, being very nearly the same: the 
effect of a less rate of diminution than that adopted would be 
to increase the dips deduced from the observations in 1836, and 
to decrease those deduced from the observations in ] 83? anil 
1838 ; and thus to give a rather more consistent aspect to the 
whole, without sensibly altering the resulting isoclinal lines. 

No correction has been applied for the different hours of the 
day at which the several observations were made ; but the hour 
is in almost all instances recorded. Professor Phillips bad 
devoted several days of observation to the investigation of the 
regular horary variations of the dip, and had obtained results 
remarkably consistent, considering that they were derived from 
observations with the ordinary dipping needle*; but the recent 
invention of instruments specially adapted to this object, renders 
it probable that the phenomena of the periodical changes will be 
shortly determined with an accuracy hitherto unattainable : in 
the mean time, it has appeared preferable to apply no correc- , 
tion on this account. It may be proper to remind the reader, 
that the moat perfect correction in this respect would still leave 
unremedied the influence of the irregular fluctuations, which 
there is great reason to believe frequently exceed in amount, and 
occasionally counteract the ordinary periodical movements. 

I proceed now to give in detail the observations which com- 
prise the first division of this report ; namely, those of the Dip 
in England, Scotland, and Ireland. It will be convenient to 
separate these into three sections, commencing with those of 
England ; and it may here be remarked generally, that all the 
latitudes and longitudes in this Report are taken from the maps 
published by the Society for Diffiising Useful Knowledge. The 
longitudes east of Greenwich are distinguished by the negative 
sign prefixed. 

" Mr. Phillips's obaervntiona at St. Clairs and York, in tlie summer of 1837, 
Trom 7 cm. to U p.m., appear (□ indicate a moruing mmiimum of dip at 9 or 
10 a.m., an evening minimum about S, witli a difference of aLove 5 minutes, 
ihe mean dip recurring about 3 p.m., and tbe line passing through tbe three 
points nearly parabolic. 
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Section I. — England. 

Mr. Ji'ox's observations. — I have arranged in the following 
table the obBervations of the dip in England with which I have 
been furnished by Mr. Fox, and have udded thereto the coluQine 
containing the latitudes and longitudeSj and the dips reduced 
to the mean epoch of the let January, 183?. The results in 
1835 were obtained with a. six-inch apparatus; those in 1837 
with a seven-inch, and those in 1838 with a four-inch appa- 
ratus ; all the instruments being those of Mr. Fox's construc- 
tion, and made by Mr. Thomas Jordan of Falmouth. 

Table XI. 
Mr. Fox's Observations of the Dip in England. 



Llanber/ii . 

Capelcrig.... 



Rosa 

NuUi 

Cfaepstow.. 

BelsBf 

Skiddaw 

Keswick 

Smll , 

Dsrlington 

OanUuig. 

Iludte; Folk .. 
BuiscD Bridge 
Ne«r LiTcrpool 

LiTerpooI 

Mitlock 

London I 

ling 

Eirtwick Pu-k 

EBilbooTnc 

Combe-HoutG . 
St,5Iirj'i, Sdlly 
Ttmcow, Sdll; 



..Septfi, -35 J 

., Sepl. 8, -35 J ; 
..SepLll,-3S ■ 
.. SeoL 9, -33 
..Au;g.25,-37 



.t.7, ■) 
Sept. 7, -37 
Auf. IS. '37 
Sept. 9, -37 
Aug.31, -37 
Sepi.12,-37 
Aug. U, -37 
Sept. 12, -37 
Sepl. -23, -37 
Sept. 1 9, -37 
Aug. 9, -37 
U.y32. -38 
' le 8, -38 

iel4, '38 
Jul; 31, -38 
June 16, -38 
JuneSO, '38 
Julys, -38 
Aug.31, -38 
Aug.31, -38 



l-^} 



71 02 
70 58 
70 57 

70 48 



SI 55 
SI 40 



54 43 
54 27 

54 33 

53 54 

54 08 



3 SO 
a 55 
3 58 



50 09 

51 17 
50 47 ■ 



7l OU-8 "■ 
7058-8 8-1 
70 64-8 H= 
70 53-8 '•> 



eS 44'B '" 
71 IS'B 
7116'6n.cBimm,. 
71131' 
71 15'5 
7ll4'6i" 
7108-51'= 
71 00-7 '"I 
70 57'5 
7046'7 
7045-7*' 
70 40-7 0" 
70 30-5 m 
} 119 21-4 { 
1917 



19 
-0 IR 
8 34 
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We have in this table the dip observed at twenty-nine sta- 
tionsj of which the central geographical position is 52° 45' N. 
and 2° 49' W, If we desire to express the general result of 
this aeries of observations, as to the position of the isoclinal 
lines, their mean direction, and their mean distance apart in 
the district of country which the observations comprise, in the 
manner proposed by Mr. Lloyd in the discussion of the Irish 
Magnetic lines (British Association Reports, vol, iv. pages 
151 — 156); — and if we call S the dip at the central posi- 
tion; u the angle which the isoclinal line, passing through the 
central position, makes with the meridian ; r a co-efficient de- 
termining the rate of increase of the dip in the normal direction; 
a and l> co-ordinates of distance in longitude and latitude of 
the several stations from the central position, expressed in geo- 
graphical miles : and if we make r cos u=jr, and r sin u=y ; — 
we may proceed to form equations of condition of the form de- 
scribed in the report on the magnetical observations in Scot- 
land (British Association Reports, vol. v. pages 4 and 5)j and 
to combine them by the method of least squares. It is unne- 
cessary to encumber this report with the details of calculation ; 
and it is sufficient to state, that from the three iinal equations 
we obtain ;»■=+ -2633; y=— •5154; h= — 62"'41 (the direc- 
tion being from N. 62° '41 E. to S. 62° '41 W.) ; r=0'-580, 
being the rate of increase of dip in each geographical mile mea- 
sured in the direction perpendicular to tlie isoclinal line; and 
8=70° '22'9 the dip at the central position at the mean epoch 
of the observations, namely, January 1, 1837. 

Mr. Lloyd's Observations. — These observations were made 
with a 4^ inch circle by Robinson, and two needles, designated 
as L 3 and L 4, employed also for determinations of the inten- 
sity. These needles consequently had not their poles reversed ; 
and the dips observed with them require corrections to produce 
the true dip. These corrections have been ascertained by Mr. 
Lloyd, as stated in a subnequeut part of this Report, to be as 
follows : 

Needle L 3, + 5'-3 

Needle L 4, -i-13'-4 

These corrections have been applied in the following table, in 
the column entitled Corrected Dip. 



I 
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Table XII. 


■ 




station. 


leafi. 


H.„. 


Ncedl* 


Di" 


Sfp. 


P,«e.f «„.„.,;„„. 




London 


Apr. 19. 


1 r.M 


L 3 


&!i'5-0 


69 30-3 


Wealboume Green. 






Apr. li). 


I 38 P.M 


L 4 


ea o7'8 


69 313 










Apr. 21. 


3 37 r.w 


L 4 


69 13-8 


69 27-2 










Apr. 21. 


2 38 1..U 


L 3 


69 21-3 


69 26-6 








Sbrewibury 


Apr. 25. 


2 15 ,.K 


L 4 


70 05'1 


70 18-5 










3 ID r.u 


L 3 


70 31-4 


70 36-7 








Holyhead . 


Apr. 37. 


11 I5A.H 


L 4 


70 55-6 


71 09 


Rocky Height near 










11 30A.M 


L 3 


71 03-0 


71 08-3 


llie Town. 










40 F.M 


L 1 


70 53-4 


71 Ofl-8 












1 7 r.M 


L 3 


71 C4'0 


71 09-3 












1 20 P.u 


L 3 


71 04-7 


71 10 








Birkenhead 


Aug. 8 


9 Oa.u 
9 35A.M 
10 Oa.h 

10 20 A.M 


L 4 
L3. 
L3 

r. 4 


70 36-2 
70 13-6 
70 43-0 
70 36-2 


70 49-0 
70 48-9 
70 48-3 
70 49-6 


Garden of the Hotel 






Shrewsbury 


Aug. 9 


U 16 A.U 

11 40A.H 

7r.«. 
20i-.>i. 


L4 
L3 
L3 

L4 


70 17-1 
70 221 
70 19-4 
10 14-6 


70 30-5 
70 27-4 
70 24-7 
70 28 


Fields near (he River. 






Hereford... 


Aug. 10 


10 BO JLM. 


L 4 


09 52-0 


70 05-4 












11 20 A.U. 


L3 


70 02-6 


70 07-9 


mile from Ibe 










11 45 A-H. 


L4 


69 53-2 


70 06-8 


Town. 










5F.X. 


L3 


70 03-a 


70 08-5 








Chepstow ,. 


Aug. 12 


11 40 A.M. 

I) 10 P.M. 


L4 
L3 


09 32-6 
09 44-5 


69 46 

69 49-8 


Near the Castle. 








Aug. 13 


10 45 A.U. 

11 10A.H. 


L i 
L3 


09 OS-0 
69 lB-5 


69 32-4 

69 23-8 


Field near the Town. 






Hyde 


Aug. 15 


1L30A.M 


L 4 


68 57-1 


69 10-5 


Near the Sea. 













L3 


69 01-6 


69 06-9 


} of a mile East of 








Aug. 16 


30 P.M. 
45 t.u. 


L 1 
L3 


68 40-5 
68 53-8 


68 53-0 
68 59-1 


the Town. 






ClifWQ 


Aug. 39 


11 15 A.M. 

11 40A.U. 
5t-.li. 
n 30 r.it. 


L 4 
L3 
L 4 
L 3 


69 27-0 
69 39-8 
69 30-8 
69 35-4 


69 40-4 
69 45-1 
69 44-2 
68 40-7 


Durdon Downs. 






Ryde 


Sept. 3i 


U 45 A.U. 
13 r.H. 

40 r.M. 

1 IOf.h. 


L 4 
L3 
L4 
L3 


68 4U-4 
68 50-5 
68 47-8 
68 53-4 


69 02-8 

68 55-8 

69 01-3 
69 00-7 








Brighton... 


SepLSZ 


11 15 A.U. 


L3 


68 43-8 


68 49-1 


Downs N. E. of the 










11 40 A.M. 


L4 


68 36-9 


68 50-3 


Town. 













L3 


68 44-0 


68 49-3 












30 r.H. 


L4 


68 36-8 


68 50-3 








London ... 


Oct. 4 


45 P.M. 

1 20 r.M. 

1 40 ^.M. 

2 Or.M. 


L3 
L4 
L3 
L 4 


6fl 17-4 
69 02-6 
69 13-0 
69 06-8 


69 22-7 
69 18 
69 17-3 
69 30-2 








Cambridge 


Oct. 8 


20 f.M. 


L3 


69 37-0 


69 42-3 


Grounds of Trinity 










U 40 r.u. 


L 4 


69 31-0 


69 44-4 


College. 










1 lOf.M. 


L3 


69 30-5 


69 35-8 












1 35 r.u. 


L 4 


69 30-1 


69 43-5 








Ls„n 


Oct. lU 


35 P.M. 


L3 


69 51-0 


69 56-3 












1 35 P.M. 


L 4 


69 38-6 


69 S3 


near the Town. 










2 Op.M. 


L3 


69 48-5 


69 53-8 












2 20 P.M. 


L4 


09 37-5 


69 50-9 








Matlock ... 


Oct. 12 


15 P.M. 
25 r.u. 
35 t-.H. 
50 f.H, 


1-3 
L 3 
L. 4 

L 4 


70 27-2 
70 25-5 
70 13-4 
70 13-4 


70 32-S 
70 30-8 
70 26-8 
70 26-8 


Field N.oflheTown. 






Maneheslei 


Oct. IJ 


50 A.1T. 

1 05 A.H. 

1 20 A.U. 
1 35 A.U, 


I. 3 
L 3 
L 1 
L 4 


70 43-5 
70 44-a 
70 34-4 
70 31-4 


70 48-8 
70 49-5 
70 47-8 
70 44-8 


Field near the Town. 




, 


iH 


ril^l 
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Table XII. contains the latitudes and longitudes of Mr. 
Lloyd's stations^ and the mean dip at each station : the number 
of distinct comparisons are, at London 2, Shrewsbury 2, 
Ryde 2 ; at each of the other places^ 1 : in the subsequent 
calculation^ these numbers are taken as the weights. 



Table XII. 



Stotion. 


Lat. 


Long. 


Dip. 


station. 


Lat. 


Ljpg. 


Dip. 


Holyhead... 
Birkenhead . 
Manchester. 
Matlock ... 
Shrewsbury. 
Hereford ... 
Lynn 


o / 
53 19 

53 24 

53 28 

53 08 

52 42 

52 04 

52 45 


S37 
3 00 
2 14 

1 35 

2 46 
2 44 

-0 25 


f} 08-5 
70 491 
70 47-7 
70 29-2 
70 27-6 
70 071 
69 53*2 


Chepstow ... 

Clifton 

Cambridge ... 

Salisbury 

London 

Ryde 

Brighton 


o / 
51 38 

51 27 

52 13 
51 04 
51 32 
50 44 
50 50 


§41 

2 36 

-0 07 

1 47 

11 

1 10 
08 


69 47-9 
69 42-6 
69 41*5 
69 231 
69 22-7 
69 01*3 
68 49-7 



If we combine these fourteen results by the method of least 
squares, we obtain the following values : a; = -f- '2899 ^ 
y=— -5753; w=— 63°15'; r = 0*644 ; and 8=69° 54' at the 
mean geographical position, of which the latitude is 52^ 4', and 
the longitude 1° 43' W. 

Professor Phillips's Observations. ^^These were made with a 
six-inch circle and two needles, by Robinson. At some of the 
stations marked f , the reversal of the poles was intentionally 
omitted, from a desire to determine small local differences, under 
circumstances as similar as possible, the needles being very 
nearly equilibrated. The table shows which of the observations 
were thus incomplete ; and the comparison of the results at the 
other stations, before and after the reversal of the poles, shows 
the probable small limit of error which may have been involved 
by the omission. With the poles direct, and also with the poles 
reversed, the mean of four positions was taken, being eight in all ; 
the needle was always inverted on its supports, as well as the 
circle turned in azimuth : four readings of each end of the 
needle were generally taken in each position. 
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Table XIII. 
Professor Phillips's Observations of the Dip. 



fDoncaster... 



Station. 



London, 



Date. 



York. 



Think 



Osmotherley. • 



Hambleton 
End 



Whitby 



1837. 
May 30 



June 2 

— 3 

— 3 



Flamborough. 



Scarborough. . 



-^ 5 



Hour. 



— 6 



— 6 



— 7 



— 9 



11 



— 13 



2 P.M. 

6§ P.M. 
7 A.M. 
2jf P.M. 

7 P.M. 
9 A.M. 

11 A.M. 

7i P.M. 

3 P.M. 

8 P.M. 

9 A.M. 
7i A.M. 
8 P.M. 
1 P.M. 



Poles, 

'direct, 

fi reversed. 



Mean. 



1 

2 

1 
2 
1 
2 
1 

2 



2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 



« ^9 22.9 
^ 69 221 
« 69 16-6 
(i 69 19*1 
« 70 25*6 

• 70 27-6 

• 70 34-3 
m 70 331 

• 70 48-6 
^ 70 47-3 

• 70 521 
fi 70 453 
« 70 48*4 
fi 70 44*5 

• 70 45-3 
^ 70 45-3 
« 70 50-3 
^ 70 51-6 

• 70 60-7 
fi 70 51*9 

• 70 51*2 
a 70 50*5 

• 70 51 

fi 70 51*5 
« 70 45*1 
^ 70 46 
« 70 47-5 
(i 70 49 

• 71 00 
i3 70 591 
« 71 00*2 
fi 70 57-5 
« 71 1-6 



/3 71 
« 71 
71 
71 
71 
71 
71 



2-3 
6-7 
3*3 
3-6 
7-4 
21 
31 



70 69-4 
fi 70 67-4 

• 70 56-7 
(i 70 57-9 

• 70 33-8 
H 70 40-7 

• 70 36 
/3 70 37 

• 70 40-4 
^ 70 42-5 

• 70 42*3 
(i 70 41-9 



o / 
69 22-5 

69 17-8 

70 25*6 
70 27-6 
70 34-3 
70 331 

70 47-9 

70 48-7 

70 46-4 

70 45-3 

70 50-9 

70 51-3 

70 50-8 

70 51-2 

70 45-5 

70 48-2 

70 59-5 

70 58-8 

71 1-9 
71 4-5 
71 5-5 
71 2-6 
70 58-4 
70 57-3 
70 37-2 
70 36-5 
70 41-4 
70 421 



"wp— ^•■d**. 



IfeanDip. 



.^9 20*2 



1 



70 301 



70 48-6 



[70 J 
1 71 3- 



2 



4-0 



1 70 57-9 
1 70 36-9 
1 70 41-9 



Place of 
Observation. 



Westbourne 
Green. 

Garden of the 
New Angel 
Inn. 



Stone in Pro- 
fessor Phil- 
lips's garden, 
and stone in 
the grounds 
of the Philo- 
sophical So- 
ciety. 



Garden of the 
Fleece Inn. 



Garden of the 
Inn. 



Top of the 
mountain. 



In Mr. Rip- 
ley's garden. 



Garden of the 
Seabird'sinn 



In Dr. Mur- 
ray's garden 
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Stotion. 


Date. 


Hour. 


• 


Poles. 

« direct, 

Q reversed. 


Mean. 


Mean Dip. 


Place of 
Observation. 




1837. 




o / 


o / 






York 


June 14 
— 14 


11^ A.M. 
ll^A.M. 


1 


« 70 47-4 
/3 70 47-5 


70 47-4 


^ 




Jh ^0m a^ •^■^•••••w» 








2 


a 70 47-5 
^ 70 48-6 


70 480 








— }^ 


4 P.M. 


1 


a 70 461 
















/3 70 45-2 


70 45-6 


o / 










2 


« 70 46*5 
/3 70 49-3 


70 47-9 


70 46-5 


Stone in Pro- 
fessor Phil- 






8 F.M. 


1 
2 


« 70 44-9 
fi 70 44 
« 70 41-5 


70 44-4 




lips*s garden, 
and stone in 
the grounds 










/3 70 49 


70 45-2 , 




of the Philo- 


Sheffield 


— 17 


7 P.M. 


1 


« 70 27-5 
^ 70 31-3 


70 29-4 


^ 


sophical So- 
ciety. 








2 


• 70 27-2 
fi 70 32-6 


70 29-9 


.70 29-6 


Botanic Gar. 
den. 


Birmingham.. 


July 3 


2§ P.M. 


1 
2 


« 70 9-5 
a 70 91 
• 70 7-7 
fi 70 13-5 


70 9-3 • 
70 10-6 


i^ 






— 8 


6^ P.M. 


1 
2 


• 70 4-5 
fi 70 6-6 
« 70 1-5 
70 5-6 


70 5-5 
70 3-5 


► 70 07-2 


Mr. Wreford*s 
garden at 
Edgbaston. 


St. Clairsnear 


— 19 


8| A.M. 


1 


« 68 591 








Ryde. 






2 


^ 68 58-3 
a 68 55*3 
(i 69 7 


68 58-7 
68 58 


-^ 






— 20 


1 1 A.M. 


1 
2 


« 69 1-2 
/3 69 1-2 
• 68 56-8 
/3 69 3 7 


69 1*2 
69 0-2 








— 21 


2^ P.M. 


1 
2 


a 68 59*7 
/3 68 55 7 
ft 68 58-8 
jS 68 59-5 


68 67-7 
68 59-1 


► 69 1-2 


In the garden. 




— 22 


S^A.M. 


1 
2 


» 69 6-6 
/3 69 9-7 
« 69 3-5 
/3 69 9-9 


69 8*1 
69 6-7 






York* 


Aug. 1 


7 A.M. 


1 


« 70 48*3 
/3 70 53-6 


70 50-9 


^ 




jb *^* •* •••••••••• 








2 


a 70 32*5 
^ 71 5-3 


70 48-9 










9^A.M. 


1 
2 


a 70 53-5 
/3 70 54-5 
» 70 35 
fi 71 71 


70 54 
70 510 










3 P.M. 


1 
2 


« 70 52-3 
fi 70 51-7 
« 70 33-2 

fi 71 7-6 


70 52 
70 50-4 


► 70 5M 


Stone in Pro- 
fessor Phil- 
lips's garden, 
and stone in 




— 3 


7i A.M. 


1 
2 


a 70 491 
i3 70 53-2 
« 70 49-7 


70 511 




the grounds 
of the Philo- 
sophical So- 










^ 70 511 


70 50-4 


M 


ciety. 



* Needle 2 was subjected to an alteration by Robinson, after the observations of 
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£U(icn. 


.... 


„..,. 


1 


Poles. 


Maui. 


Mum Dip. 


Place of 






1B37. 

















Calderilonc... 


Aug. 12 


HF.M. 


9 

1 
2 


- 70 4-6 
70 45-(J 
• 70 42-6 
70 49-5 
. 70 37-6 
^ 70 42-a 
.70 44 


70 451 

70 46-0 
70 39-9 


70 43-5 


In lie grounds 
ofj. N.Wal- 
ker, Esq. 






Douslu, Isle 








3 70 41-6 


70 42'8 










ofMnn 


— 17 


3 r.«. 


1 


• 71 20-5 
3 71 22-7 


71 31-e 










f-Castlelon ... 


— IB 


8i..». 


2 

1 


.71 23 

3 71 22-5 
S 71 23-3 


71 23-7 

71 33-3 


71 22-3 


CasllB Mona 
Inn garden. 












2 


71 21-8 


71 21-8 


71 3335 


In a field ad- 






hPeelTown.. 


— 18 


3 r.M. 


I 
2 


J3 71 23-6 
71 34-7 


71 236 

71 24-7 




joining the 
Inn yanl. 










3» ,.„. 


2 


a 71 24 
71 24-6 


71 24 
71 346 


■71 240 


Near the Inn 
and on the 






l-BIrkenhofld.. 


— 36 


1 r.«. 


2 


a 70 40-6 
3 70 39-8 


70 40-6 
70 39-8 




Castle Hill. 










'"■'■ 


2 


. 70 38-8 
. 70 38-6 


70 38-8 
70 38-6 


70 39-4 


Inn garden. 






Coed Dhu.... 


Sept. 20 


Noon 


^ 


. 70 40-7 
70 40-3 


70 40-4 










hBowncBs .. 


— 25 


9 A.U 


2 

i 


. 70 41'3 
3 70 41-5 
3 71 18-9 


70 41-4 

71 18-9 


70 40-9 

J71 1 8-4 


GioundaofJ. 
Taylor, Esq. 














3 71 17-9 


71 179 


Ullocks Inn, 






hConlston .. 


- 23 


1 P.U 


1 


3 71 191 


71 Ifl-l 


}71 19-5 


the terrace. 












2 


3 71 20 


71 30 


Field near the 






M^tlErdale,. 


- 27 


llp.M 


1 


3 71 19-9 


71 19'9 


■71 19-G 














2 


3 71 19-4 


71 i9'4 








f- Penrith 


- 28 


10J*.« 


1 


3 71 33-7 


71 337 


■71 23'4 
}71 2B'S 
}71 18-1 














3 


3 71 23-3 


71 23-2 


Iji the CasUe 






Karlisle 


— 2D 


lOJ A.M 


1 


3 71 27-5 


71 27-5 
















3 71 23'5 


71 295 


In the Castle 






(-NewcasUc .. 


— 30 


7 *.M 




3 71 IB'2 


71 182 














3 


3 71 18 


71 18 


Fields west of 








1838. 
















London 


Mar. 28 


4iT.U 


I 
2 


« 69 30-4 
3 69 18-6 
. 69 181 
3 69 17-9 


69 19-5 
69 17 


J- 69 ie'2 


Westhounie 
Green. 






Table XIV. contains the latitudes and longitudes of 


Mr. Phil- 




lips'B stations, and the mean dip at each statioo redii 


ced to the ^M 


middle period of his obaervationa, viz. the 1st of Aug 


ust, 1637- ^H 


Ibe 2Snd July, one of its arms having been originally longer than th 


other, so at ^H 


soniPtinies lo touch the circle. By sliortenine this arni tlie cenirc 


r gravity itrs ^^H 


slightly displaced, as is shown hy the obseryation of Aug. 1. This 


«■» remedied ^H 


by Mr. FbLllips, iIid same evening, liy grinding the other atm. 


Jd 
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..■«.. 


Lai. 


Long. 


Dip. 


SUtlDH. 


L.t. 


Lmb. 


lAug. 1S37 




I4 64 

ei 13 

54 40 
54 04 
54 10 
54 33 
54 23 
54 23 
84 B8 
54 20 
fi4 23 
54 14 


4 43 
2 45 
4 40 
4 97 

2 56 

3 05 

3 55 

1 as 

1 15 
1 18 
1 81 


h 2k-S 
71 84 
71 83-i 
71 22-5 
71 88-3 
71 in-6 
71 IB'S 
71 184 
71 IS'l 
71 04 
71 03-2 
70 59-3 




ii39 
53 S8 

53 23 
64 17 
63 11 
63 24 

54 08 
63 31 
63 22 
53 2S 
51 33 
50 44 


8 37 

1 05 

2 53 

21 

3 IS 
3 00 
OOfl 

1 07 
1 31 
1 63 

11 

1 08 


?0 67-9 
70 48-4 
70 43-5 
70 41-8 
70 40* 
70 S9'4 
70 3e-9 
70 30-8 
70 89-6 
70 07-2 
69 19-2 
69 01S 


Peel Town 




ScBiborough.... 

CoedDhu 

Birkenlii?Bd 






P.tlcrdfllB 




HBmbletanEnd. 
OtnnotbeTly 











If we combine these twenty-four results by the method of 
least squares, we obtain the following values : a^= + "2658 
3/=--5270; ?(=-63'' 14'; J-=0'-590 ; and g =70° Stf-l on 
the Ist of August, 1837) at the mean geographical position of 
which the Latitude is 53° 49', and the Longitude 2° 08'. 

Captain Ross's Observations. — In this extensive series no less 
than fifteen needles were employed. Those designated as R L 1 
and R L 2, J, C, C 2, and C 3, were four-inch needles made by 
Robinson, and used in a circle made by Jones ; the remainder 
R L 3, R L 4, R 3, R 4, R 5, R G, R 7, W I, and W 2, were six- 
inch needles, also by Robinson, and used in a circle by the same 
artist: R4, R5, R6,R7, W l,andW2,were fitted with revol- 
ving axles, and were found on trial to give accordant dips in 
different positions of the axle : each observation with them re- 
corded in the following tables is a mean of the usual eight 
poeitions. For these needles, consequently, no corrections 
are applied, and it will be seen by the observations at West- 
bourne Green in June, July, and December, 183S, that all 
these needles gave very nearly the same dip when used imder 
like circumstances of time and place. Their mean result at 
Westbourne Green has been employed by Captain Robs as a 
standard to furnish corrections for the other needles which he 
had employed previously, and on which he could not rely with 
equal confidence. Of these, RLl,RL2, RL3, and R L 4, were 
used for the intensity as well as for the dip, and their poles, 
therefore, were not reversed. They were always used in pairs, 
and the correction determined for the mean result of R L 1 and 
RL2 was-l-3, and that forRLS and RL4,-|-16. 
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The remwning five needles were observed iii the usual eight 
positions, but in consequence of imperfect workmanship re- 
quired corrections, which, by comparison with the standard 
needles, were assigned as follows : 

J=+7 C2=+5 R3=-8 

C=+2 C3=+8 

Wherever these needles are employed, the proper corrections 
are applied in a column in the table headed " corrected dip." 

Table XV. 
Captain J. C. Ross's Observations of the Dip. 



station. 


.«. 


Hour. 


1 


J^-lB. 


Mem. 


D,> 


M«nDip. 


ObiPr^t^Di.. 




1837, 


b m 














London 


Aug. 9 


1 P.H 


J 

c 

RL 1 


. ^9 irs 
nes 46 

« 69 0\ 

a 69 29 
69 37-3 


6°» ^9 


6=9 f5-9 
69 161 


io 1^-05 


Weslbaurnf 








RL2 


68 59' 1 


69 133 


89 16-3 




Green, Hat- 




— 1(1 


1 10f.m 


C 1 


.69 4'3 
















A 69 17-8 


69 11 


69 16 






Biuhcr 


July 31 
— 30 


9 *.M 

1 P.>I 


C 

RL 1 


. 6B 58-4 

^ 69 41-3 

69 35-1 


69 19-9 


69 21 -B 








Aug. 27 


a 30i-.li 


RL 3 
RL 3 


69 7-e 


63 22-6 


69 25-6 


- 69 24-5 


In tlio e«iden 




— 28 


10 30A.M 


RL I 


69 38-S 


69 33 


69 26 




Lo^gf^ 


Tartington.... 


— IS 


5 30*.M 
8 Lu 


J 
C 


. 69 9-3 
ji 68 25-6 

. 68 39-8 


68 47'4 


68 544 










Noon 


RL 1 


H 69 111 

69 e-3 


68 55-4 


68 57* 


.68 55'9 


In the garden 

ofTordrglon 
House, ncBi 








RL a 68 37-6 


68 62-9 


68 559 




DmoUf 


SBpt.l 


5 ISf.m 


RL 1 69 48-8 








Arundel. 




— 2 


5 30r.», 

Noon 


RL 3 69 388 
C - Oa 265 


69 36-8 


69 39-8 












, 6» 4U-6 


69 38-1 


69 40' 1 


■6» 41-1 


In Ihc garden 






3 Wf-w 


J 


- C9 57'5 










-. 


Noon 
30p.» 


RL 3 
RL 1 


3 69 15-6 

69 52 

70 IS 


69 86-5 


69 43-5 




sheaf Inn. 


^uun 


70 4 


70 7 


1 








1 40 


C 


. 69 45-3 


















P 70 3-9 


69 G4-6 


89 560 


-70 0-5 


In a Held bait 






i 


J 


. 69 30 

(3 70 16 


69 Gl 


68 58 




a mils south 
nf8t.MaItin'a 


Suffbrd 


— 7 


1 0,.w 


RL 1 


70 19-8 








Church. 






a 30 


RL 2 


G9 57-6 


70 8-7 


70 117 




In the garden 
of the New 






4 


C 


. 69 846 
















3 70 21 6 


70 8-1 


70 10-1 


• 70 y-7 


Inn. OU 
Cliutch, N. 




— 8 


4 30r.M 


J 


. 70 243 
















6 69 36 1 


70 0-3 


71) 7'3 




34°W.(ttiie) 






1 






halfdlT-i 



76. 
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Station. 


Date. 


Hour. 


i 

525 


Poles. 

« direct, 

/3 reversed. 


Mean. 


Corrected 
Dip. 


Mean Dip. 


Place of 
Observation. 




1837. 


h 


m 




o / 










Birkenhead... 


Sept. 18 


3 


30 p.m. 


RL 2 


70 29 


o / 


O / 










4 


45 


RL 1 


70 45-2 


70 371 


70 401 


^ 






— 19 


9 


50 a.m. 


C 


« 70 20-2 






f^ t 














/3 70 451 


70 32*6 


70 34*6 


>- 70 36-2 


In the garden 








Noon 


J 


a 70 52-9 
a 70 0-7 


70 26*8 


70 33*8 


^ 


of the Hotel. 


Douglas, (Isle 


— 21 


11 


A.M. 


RL 1 


71 22-9 










of Man). 





2 


30 P.M. 

P.M. 


RL 2 
C 


71 20-7 
« 71 2 


71 21*8 


71 24*8 


( 


• 












/5 71 30-2 


71 161 


71 18*1 


> 71 20*3 


In the grounds 






4 


P.M. 


J 


« 71 35-7 








of Castle Mo- 


. 










a 70 46-3 


71 11 


71 18 


• 


na. 


Birkenhead... 


Oct. 11 


Noon 


C 


« 70 16-3 




















fi 70 46-9 


70 31*6 


70 33*6 


■N 








1 


30 F.M. 


J 


« 70 51-4 




















/3 69 58-6 


70 25 


70 32 


>- 70 35*3 


In the garden 






2 


15 P.M. 


RL 2 


70 29 








of the hotel. 






2 


45 P.M. 


RL 1 


70 45-8 


70 37*4 


70 40*4 


tt 




PwUheli 


— 1410 


45 A.M. 


C 


« 70 221 




















fi 70 38-7 


70 30*4 


70 32*4 


■^ 








1 


P.M. 


J 


« 70 441 




















fi 69 56-9 


70 20*5 


70 27*5 


> 70 32*5 


In the garden 






2 


10 P.M. 


RL 1 


70 40 








of the Four 






2 


50 P.M. 


RL 2 


70 29 


70 34-5 


70 37*5 


J 


Crosses Inn. 


Marlborough. 


— 17 


1 
2 


P.M. 

30 P.M. 


C 
J 


« 69 9 
^ 69 33 
a 69 40-7 


69 21 


69 23 


\ 














a 68 57-3 


69 19 


69 26 


^ 69 25*4 


In the wood 






3 


50 P.M. 


RL 2 


69 12-2 








S. W. of the 






4 


30 


RL 1 


69 36 


69 24*2 


69 271 


J 


Castle Inn. 


Clifton 


— 21 


3 


50 P.M. 


C 


a 69 17-7 
ft 69 43-9 


69 30*8 


69 32*8 


■N 








— 22 


10 


45 a.m. 


J 


a 69 50-3 




















fi 69 1-3 


69 25*8 


69 32*8 


-69 34 


In the garden 






1 


P.M. 


RL 1 


69 47-2 








of the Royal 






2 


10 P.M. 


RL 2 


69 19*6 


69 33*4 


69 36*4 


J 


Gloucester 
Hotel. 


Pembroke .... 


— 25 


2 


30 P.M. 


C 2 


a 69 38-1 
^'69 59-4 


69 48-7 


69 53-7 


s 






— 26 


10 


A.M. 


J 


« 70 9-6 




















(i 69 26-8 


69 48*2 


69 55*2 


> 69 55*9 


In the garden 






11 


30 a.m. 


RL 1 


70 4-7 








of the Dragon 









30p.m. 


RL 2 


69 46*9 


69 55*8 


69 58*8 


J 


Inn. Pem- 
broke Church 


Swansea....... 


-27 


10 


20a.m. 


C 2 


a 69 5*3 








North (mag.) 












/3 70 9*9 


69 37*6 


69 42*6 




half a mile. 









30 p.m. 


J 


a, 70 2*8 




















/3 69 20*4 


69 41*6 


69 48*6 


- 69 46-7 


On the sands. 






1 


40 p.m. 


RL 1 


69 56*4 








about half a 






2 


20 P.M. 


RL 2 


69 35*2 


69 45*8 


69 48-8 




mile west of 














^ 




the Pier. 
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Station. 


Date. 


Hour. 




Poles. 

41 direct, 

/3 reversed. 


Mean. 


Corrected 
Dip. 


Mean Dip. 


Place of 
Observation. 




1827. 


b 


m 




/ 










Ilfracombe.... 


Nov. 2 


2 


40 P.M. 


C 2 


« 68 59-5 
/5 70 4-1 


69 31-8 


6^9 36*8 


■ 






— 3 


10 


A.M. 


C 


« 69 4 
^ 70 4-6 


69 34-3 


69 36*3 


O t 








11 


50 


J 


« 69 51-2 
^ 69 7 


69 291 


69 361 


► 69 36*9 


In the garden 
of Rock Cot- 






1 


20 P.M. 


RL 1 


69 50-9 








tage, the resi- 






2 


30 


RL 2 


69 19*9 


69 35-4 


69 38*4 


J 


dence of 6. 
L. Coxhcad, 


FiRdstow 


— 14 


4 


15 P.M 


C 2 


« 68 43*8 
^ 69 56 


69 19-3 


69 24*3 


^ 


Esq. 




— 15 


8 


15 a.m. 


RL 2 


69 14*5 














10 


A.M. 

Noon 


RL 1 
J 


69 36-7 
« 69 45-8 


69 25*6 


69 28*6 


^ 69 251 


On the sands 
opposite to 












^ 68 45 

• 


69 15*4 


69 22*4 


J 


the town. 


Falmouth 


— 18 


10 


A.M. 

Noon 


C 2 
J 


a, 68 35 
/3 69 39-8 
« e& 34-8 


69 7-4 


69 12*4 


V 














/3 68 46*4 


69 10*6 


69 17*6 


^69 161 


Pendennis Cas- 






1 


45 P.M. 


RL 2 


69 2-4 








tle, bearing S 690 
17' E 2 or 3 miles. 
Near the granite 






2 


30 


RL 1 


69 28-2 


69 15*3 


69 18*3 




















^ 


pillar at thenorth 


Land's End... 


— 21 



3 


30 P.M. 

P.M. 


C 2 
J 


a 68 42-9 
/5 69 37-5 
a 69 37 


69 10*2 


69 15*2 


^ 


end of the meri. 
dianline. 












/3 68 48 


69 12*5 


69 19*5 


^69 18*5 


In a field East 




— 2210 


50 A.M. 


RL 1 


69 28-9 








of the First & 








Noon 


RL 2 


69 7 


69 17*9 


69 20*9 


J 


Last Inn in 
England. 


Plymouth . ... 


— 28 


2 
3 


10 P.M. 

50 P.M. 


C 2 
J 


« 68 24-3 
/3 69 27-3 
« 69 20 


68 55*8 


69 0-8 


•\ 














^ 68 36-8 


68 58*4 


69 5*4 


^69 6*2 


In the garden 




— 29 


11 


30a.m. 


RL 1 


69 22-2 








of the Athe. 










RL 2 


68 56-8 


69 9*5 


69 12*5 


J 


nsum. 


Exeter 


30 


11 


50 A.M. 


C 2 


« 68 3M 
/5 69 45-7 












XM^^ 


» ^ 


V y^ 4> • Oh a 


^^ ^« 


69 11*4 


69 16*4 


N 








1 


40 p.m. 


J 


a 69 29-2 




















/3 68 46-8 


69 8 


69 15 


^69 17*3 


In a field, Ex- 






3 


P.M. 


RL 1 


69 30*3 








eter Cathe- 






3 


45 P.M. 


RL 2 


69 4-6 


69 17-4 


69 20*4 


J 


dral. S.E. \\ 
mile. 


Weymouth ... 


Dec. 2 


2 


20 p.m. 


C 2 


a 68 251 








New Church S. 












^ 69 29*8 


68 57*5 


69 2*5 


> 


W. by S. ^ of a 
mile. 






4 


P.M. 


J 


a 69 22*8 




















fi 68 35-2 


68 59 


69 6 


-69 6-7 


In the garden 




— 4 


1 


45 P.M. 


RL 1 


69 22*3 








of the Bush 






3 


20 


RL 2 


68 547 


69 8*5 


69 11*5 


i 


Hotel. 


Salisbury 


— 6 



1 


20 p.m. 
45 


C 2 
J 


« 68 30-7 
/3 69 40-8 
a 69 31-3 


69 5*8 


69 10-8 


■V 














/3 68 44*8 


69 8 


69 15 


-69 14-5 


In a field, 






3 


20 


RL 2 


69 1-5 






1 


Salisbury Ca- 






4 




RL 1 


69 27-7 


69 14*6 


69 17*6 


J 


thedral W.8.W. 
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EIGHTH REPORT — 1838. 



Station. 


Date. 


Southsea 


1838. 
Dec. 8 


Guildford 


— 12 




— 13 


London 


Mar. 6 




— 8 




April 10 




— 25 


Margate 


— 17 


York 


— 27 




— 28 


Scarborough. . 


May 1 


Bridlington... 


— 3 



Hour. 



h m 

11 20a.m. 

1 20 p.m. 

2 40 

3 30 

2 P.M. 

3 30 P.M. 

11 A.M. 

1 P.M. 

3 P.M. 
1 50 P.M. 

4 P.M. 

— 25 11 20 a.m. 



9 



A.M. 



2 P.M. 

4 20p.m. 



2 30 p.m. 
4 10 p.m. 



10 



A.M. 



Noon 
1 40 p.m. 

3 P.M. 

9 15a.m. 
11 10 

7 P.M. 



0) 



C 2 

J 

RL 2 

RL 1 

C 2 

J 

RL 2 

RL 1 

C 3 

C 3 

C 3 

R 3 

RL 3 

RL 4 

RL 3 

RL 4 

R 3 

C 3 



RL 3 

RL 4 

R 3 

R 3 

RL 3 

RL 4 

RL 3 

RL 4 

R 3 



RL 3 

RL 4 

R 3 

RL 3l 
RL 4 



Polefl. 

« direct, 

(^ reversed. 



« G8 2i*4 
fi 69 25-8 
« 69 17 
(i 68 30-6 

68 49*2 

69 8-4 

« 68 20*9 
/3 69 33-7 
« 69 201 
^ 68 36*9 

68 54 

69 14*8 



a 68 
(i 69 
« 68 
fi 69 
a 68 
(i 69 
a 68 
fi 69 
« 69 
/3 68 
69 
68 

68 
68 
» 69 
/J 68 
« 68 
/3 69 

70 
70 

a 71 

/3 70 

« 71 

/5 70 

70 

70 



33-6 
40-7 
33*3 
41-6 
36-2 
41-2 
36 
29 
561 
49-8 
3-7 
54-6 

48 

37-8 

32-8 

322 

18 

22*6 

33-7 

23-5 

19-7 

17 

27-8 

25-2 

34-5 

28*2 



Tir«o« Corrected 
^®*°- Dip. 



70 32-5 

70 21-6 

a 71 28-3 

/3 70 13-2 

70 27-4 
70 21-3 
« 71 24-8 
/3 70 6-4 
70 27-3 
70 187 



6% 53*6 



68 53*8 
68 58*8 

68 67*3 

68 58*5 

69 4*4 



69 7*2 



69 7-5 


69 15-5 


69 8*7 


69 16-7 


69 2*5 


69 10-5 


69 22*9 


69 14*9 



68 59*1 

68 42*9 

69 2-5 
68 50-3 

70 28-6 
70 48*3 
70 56*6 
70 31*4 

70 27-1 
70 60*8 

70 24*4 
70 461 
70 23 



is 58-6 



69 0*8 

69 1*8 

69 23 

69 5*5 

69 7-4 



69 15-2 



69 151 

68 58*9 
68 54-5 
68 58-3 

70 44*6 
70 40*3 
70 48*6 
70 47-4 

70 43-1 
70 42-8 

70 40*4 
70 3M 
70 39 



Mean Dip. 



I 



69 '0*4 



>^69 51 



► 69 14*7 



y 68 57-2 



> 70 45-2 



} 



70 43 



70 38*8 



Place of 
Observation. 



In the garden 
of the Bush 
Hotel. 



Inafield|ofa 
mile eastof the 
Town Hall. 



Westboume 
Green, Har- 
row Road. 



In the garden 
of the Hope & 
Anchor Inn. 



In the garden 
of the Cross 
Keys Hotel. 



In the garden 
of the Bull 
Inn, & close 
to the New 
Church. 

In the garden 
of the Star 
Inn. 
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Station. 


Date. 


idwoith.... 


1838. 
May 9 


tdngham... 


12 


ith 


16 


imer 


— 21 


Rrestoffe ... 


— 24 


rwich 


— 28 




— 29 


idon 


June 16 




July 6 




— 7 




— 7 
10 


vrcastle 


Aug. 28 



Hour. 



h m 

8 15 a.m. 

1 30 p.m. 



Noon 

1 20 p.m. 

7 15 a.m. 

9 30a.m. 

8 A.M. 

4 50p.m. 

5 P.M. 

6 30p.m. 

3 20 p.m. 

5 p.m. 

3 P.M. 

1 15 P.M. 

3 10 

3 40 p.m. 

7 p.m. 
Noon 

2 10p.m. 



5 
5 

2 

4 



p.m. 
p.m. 

P.M. 
P.M. 



R 3 

RL 3 

RL 4 

R 3 

Rt 3 

RL 4 

R 3 

RL 3 

RL 4 



Poles. 

a direct, 

/3 reversed. 



« 71 1^*3 

fi 69 58-9 

70 15-6 

70 7-2 

a 71 3-9 

/3 69 45*7 

70 4-4 

69 55-4 

a 71 12*2 
/3 69 46*2 

70 4-9 
69 58*5 



R 3 « 70 34-8 

^ 69 18-7 

RL 3 69 31*8 

RL 4 69 22*8 

R 3 « 70 14-4 

I ^ 68 57-4 

RL 3 69 16-7 



RL 4 



69 121 



R 3 « 70 2 
/3 68 41-9 
RL 3 68 56-3 
RL 4 69 3*5 
RL 3 69 3-6 
RL 4 68 57*2 



W 1 « 
W 2 « 

et 



R 4 

R 5 

R 6 

R 7 

RL 3 

RL 4 

R 6 

R 4 



69 11-7 
69 20-7 
69 13-2 
69 12-6 
69 161 
69 11-5 
69 11 
69 14-6 
69 101 
69 17-9 
69 15*8 
69 17 
69 3-25 
68 51-6 



m 71 10-4 

fi n 16-7 

a 71 13*4 

^ 71 11-4 



Mean. 



70 34*6 
70 11*4 

70 24*7 

69 59*9 

70 29*2 

70 1*7 

69 56*8 
69 27*3 

69 35-9 
69 14*4 

69 21*9 

68 59*9 

69 0*4 

69 16*2 

69 12*9 

69 13*7 

69 12*8 

69 14 

69 16*4 

68 57-4 

71 13*6 
71 12-4 



Corrected 
Dip. 






70 27*6 



70 27*4 

70 16*7 

69 15*9 

70 21*2 
70 17*7 

69 48*8 
69 43*3 

69 27*9 
69 30*4 

69 13*9 
69 15*9 
69 16*4 



69 14*3 



69 13*4 



Mean Dip. 



} 
} 
} 
} 
} 



70 27*5 



69 16*3 



70 19*5 



69 461 



69 29*2 



>.69 15*4 



} 



71 13 



Place of 
Observation. 



In the grounds of 
WadworthHall 
the seat of R. J^ 
Coulman, Esq. 



Nottingham 

Church, S.aE. 

14 mile. 
In a garden at 

Callington. 

Louth Church. 
S.W. 1 mUe. 

In the garden of 
the Wool-pack 
Inn,River.head. 



In the garden of 
the Post-office, 
close to the 
Church. 



In the grounds 
of the Suffolk 
Hotel. 



In the grounds 
of the White 
Horse Inn, 
2 miles west 
of Harwich. 



Westboume 
Green, Har- 
row Iload. 



In Mr. New- 
ton's nursery 
grounds. 






■ IB p. 



Wl 21'I In the grounds 



410 45A.H. 
30 P.M. 



V 69 14'l!7 Westbourne 
I Green, Har- 

row Road. 



Table XVL contains the latitudes and longitudes of Captain 
Ross's stationa, with the mean dip at each station reduced to the 
1st January, 1838, being the middle period of his observations. 



■..1... 


U.. 


LnnB. 


„.;:■!•_. 


SMion. 


Lai, 


Lo„,. 


uS!'^ 


Berwick ... 


.ft a'-. 


■S <K> 


7°1 43-6 




r?i i'2 


Ik 


.& .^M 




S4 55 
E4 10 


2 44 

4 28 


71 25-7 
71 19-6 




51 27 

53 28 


2 35 
-1 50 


69 30-2 


Lowesloffe ... 




54 58 


1 36 


71 140 




51 25 


1 4£ 




York 


53 6? 


! Of 


70 46-0 


PadsWw .:.... 


50 33 


4 6< 






54 le 


26 


70 43-8 


Bushy 


51 38 


22 


69 23-6 




54 OB 


li 


70 39-6 




50 05 


6 4< 


G9 18-3 




S3 24 


3 0( 


70 35-1 




50 43 


3 31 




Pwllheli ... 


52 65 




70 32-0 




61 56 


-1 i; 


69 IC'4 


Wadwonh... 


63 2B 




70 26-6 




50 09 


6 W 


69 16-8 


Louth 


63 19 


( 


70 18-6 




61 32 


i: 


69 16-4 




52 57 




;o 15-4 


Salisbury 


61 04 


1 4t 


69 U-3 


StafTord 


62 48 


2 M 


70 IKJ-O 






2 2: 


69 06-5 




52 28 


I 5: 


69 59-7 


Plymoulb .., 


50 23 


4 0: 


6» 06-0 


Pembroke... 


61 39 


4 5( 


69 65 '5 


Guildford ... 




3' 


69 05-0 


Cromer 


52 56 


-1 1! 


69 47-0 


Soutbsea 


50 4S 


5h 


69 00-2 


Swansea ... 


51 36 


3 55 


69 46-3 


Margate 


61 23 


-1 a; 


68 57'9 


Davcnlry ... 


62 16 


1 08 


69 40-3 


Tonitigton ... 


50 60 


34 


C8 65-0 



If we combine the results at these thirty-six stations by the 
method of least squares, we obtiiin the following values : 
j:=+-1974; i/=--5U4; W = — 66''54'; »-=0'-548; and 
8=69° 53''4 at the mean geographical position of 52° 16' N., 
and 1=55'W. 

Major Sahin^s Observations. — These observations were 
made at fifteen stations, with a 9-i.-inch circle, and two needles 
by Gambey, (Table XVII.); and at twelve stations with a circle 
of Nairue and Blunt of 11 inches in diameter, and a needle by 
Robinson, designated as S2, (Table XVIII.) 



^^H^ 


C SURVKV OF GREAT BRITAIN. SI ' 




Tadlb XVll. J 


^H- Major Snbttic's 


Observations of the Dip with Captiiin | 




p 


Fitz Roy's Gambey. 








^. 


,.... 


1 


Pulei. 


Mam. 


^ti«i. ' 


oiSSS.. 






1837. 


















Turlington ... 
Birkenhead.., 


Aug. 15 

— 15 
Sept. 17 

— IM 








- & 1)5-1 1 
deSS4-8 ' 
> 68 56-41 
S 69 (12-1 / 
. 70 30-6 1 
S 70 40-0 J" 
. 70 33-0 
e 70 38-7 ■ 


6°8 59-95 
68 59'3 
70 35-3 
70 31-85 


pa 6b-6 

170 35-1 


JnUie grounds 
of William 
Leeves, Esq. 

Garden of the 
Holcl, 






Aberj-slh«;th 


— 21 

— 21 


I 
2 


P.M. 




- 70 20-6 
e 70 26-1 
. 70 SJJ-3 
& 70 17-9 


70 23-35 
70 23-CO 


1 70 23-5 


On a hill north 
of the town. 






Dunra.en 


— 26 








-89521 


8946-0 










Ca^lu 










3 69 39-9 












— 28 








. 69 42-7 
Ji 69 48-S 


89 45-65 


■69 45-7 


In tbe grounds 
oftlleEarlor 








— 28 








-69 43-6 

a 69 48-a 


6945-4 * 




IJunrnven. 






Tortlnglon ... 


Oel. 18 








168 51-8 


68 54-2 










DoTer 


-I7&1S 
Nov. 2 


3i 


r.M. 




S 68 50 -li 
- 68 55-8 ' 
a 68 56-4 

a 68 54-1 


68 54-9 t 
6852-6 -I- 


Us S4-8 


In iJie grounds 
or Wllliani 
Leeves, Esq. 










- 7 

— e 


3 


:: 




"68 51-6' 
S 68 53-0 
-6B54-0' 
a 68 49>8 


6852-3 t 

6851-9 t 


-88 52-3 


Oo, and be- 
neath the 
Cliffs. 






MargBlB 


— 9 

— 9 


3i 


,., 




- «a 59-4 
69 04-1 
"69 09-9 
a 69 00-8 
-6904-1 
a 69 03-7 


6901-75 
69 05-3 


1 69 0-2-9 


Field behind 














6902-54) 


J 


Marine Tit- 






Regenl'iP.rk 


-ia&i6 

— 16 
1839. 








a 

« 69 20-7 

8 69 35-6 


6923-9 i 

6923-1 11 


Log 23-8 


In Mr. Jen- 
kins's nur- 
sery grounds. 






Le-Trenclwrd 


July 19 
— 21 


K 


..» 




- 69 13-61 
3 69 23-2/ 
• 69 17-91 
8 69 22-5/ 


8917-9 
6920-2 


[69 19-0 


Inthegroundt 
of W. Si- 
ring Gould, 






• Observed by Viscoun 


Adare. f Observed in tarious aiimullis. 




^■_ 


Ob«er.iiJ hi various ailmulbs. M 


^^m S In «arioU4 iilnimlis. 


Observers, Capi. Johnson, ILN., «nd Major Snbine. I 


^H II Obwrred b; Capi, Joiin^aa and Mfljur Sabine. ' | 


^B^VOL. VII, 1838. 


O J 



82 



EIGHTH REPORT — 1838. 



Station. 

« 


Date. 


Hour. 


• 


Poles. 

a direct, 

^ reversed. 


Mean. 


Mean at the 
Stations. 


Place of 
Observation. 




1838. 






o / 


o / 


o / 




Faknoutb ... 


July 25 


9 A.M. 


2 


a, 69 09-1 "I 
/3 69 14-7/ 


6911-9 


69 11-9 


In the grounds 














of Robert 
















Were Fox, 
















Esq. 


Whitehaven... 
Newcastle ... 


Aug. 16 
— 28 


3 P.M. 
H P.M. 


2 
2 


« 71 06-8 "1 
/3 71 15 ' 
« 71 05-8' 
A 71 12-2/ 


71 10-9 
71090 


71 10-9 
71 09-0 


Fields south of 
the town. 

In Mr. New- 
ton's nursery 


Alnwick Castle 


- 31 


3 P.M. 


2 


« 71 22-91 
^7122-2/ 


7122-6 


71 22-6 


grounds. 
In the grounds 
of the Duke 
of Northum- 


Stonehouse ... 


Sept. 2 


5 P.M. 


2 


« 71 18-91 
^7120-2/ 


71 19-5 


71 19-5 


berland. 
In the grounds 
of Colonel Sir 
Hew Dal- 
rymple Ross, 

'm^ g^ y^ 


Helensburg... 
Jordan Hill . . 


— 10 

— 11 


8iA.M. 
4| P.M. 


2 
2 


« 72 14-81 
/3 72 19-2/ 
• 72 12-61 
^ 72 15-0/ 


72 170 
72 13-8 


72 17-0 


J\..V/.JD. 

Fields nearthe 
Baths Hotel. 




— 13 




2 


; } 
; } 

« 1 
/3 f 
« 69 03-91 
/3 69 09-6/ 


72 16-4* 








— 13 




Q 




.72 14-8 


In the grounds 






iC 


72111* 




of James 




— 14 




2 


n 15-8* 


J 


Smith, Esq. 


"Worcester 
Park 


Oct. 8 


3 P.M. 


2 


6906-7 


69 06-75 


In the grounds 


Kew 


— 13 


4^ P.M. 


2 


« 69 14-71 
^69 18-2/ 


69 16-4 


69 16-45 


In the garden 
ofthePalace. 





* Observed by Archibald Smith, Esq. 
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Tablk XVIII. 
Major Sabine'e Observations of Dip, Needle, S 2. 



SUliDn. 


t>al*. 


HO.. 


Obiet. 
.edUip 


Man. 


CorrectM 
Dip, 


o^\^ 




1837. 




□ 








T^rtiBgWr, 


May 17 




U905-B 










— 29 

Aug. 5 




09()4'S 
8915-7 


i9 08-26 


S» 5865 


Id the ground! 
of Williun 




— B 
July 27 




6906-7 
692e-3 


69 28-15 


69 18-56 


L«vea,E*q. 
Cloister Car- 


Westminster 


- 27 




6929-8 






dens. 


Shrewsbury 


Sepu 19 
- 19 


1 P.M. 

5 r.« 


7034-2 
7034-7 


70 34-45 


79 24-85 


neUi near thi 




— 21 

— 21 


'!}^: 


7035-6 
7035-4 


70 35-5 


70 25-9 


Hillnarlhorthe 


Brecon 


- 22 

— 23 


6 A.V 
6|A.M. 


70 13-6 

70 la-n 


70 12-75 


70 03-15 


Garden of (he 
Hotel. 

Mr. Thompson '• 




Meithyr 


- 23 


2 P.M. 
21 F.H. 


70 15-2 

7011-8 


70 ia-5 


70 03-9 




Djnravaa Cutle 


- as 


2U.« 


69 58-8 




grounds. 




— 25 


3i..M 


69 5?-!) 


■G9 57-4 


69 47-S 


In the Caslle- 




Oct. 3 


Ojr.M. 


6055-5 






grounds. 


Tortingto,. 


— 15 

— 19 


Hi *'-M 


G90?-B 


89 061 


88 56-6 


Tn Ihegroundsof 




Nov. 2 
— S 


2 r.M 

3 r.« 


6901-0 
B903-8 


68 02-2 


69 63-6 


W. Leeves, E^. 
On and benenlh 






- 6 


2 r.a 


69 01-8 






the Cliffs. 


Mflrg.te 


- 9 

— 10 


11 *.« 


69 08-S 
6912-6 


69 10-4 


69 00-8 


Field behindMo- 




Kegent-s Park, 


— M 


IJ pIk: 


B926-9 






rine Terrate. 


I^Bdon 




?;; 


69 27-2 


69 29-73 


69 30-12 


Mr. Jenkins' 




— 14 


69343 










— 16 


2j r.H. 


6930-6 










less, 












Jordan Hill 


S.„.|J 


1 P.M. 

2 F.U. 


73320 

7220-8 


1 72 21-4 


72 11-8 


[n the grounds of 
J. Smith, Esq. 


Ke» 


Oct. 13 


Ur.M 


6924-0 


69 S4-0 


69 14-4 


[n the gardens of 














the Palace. 



N'ote on the correction applied in Tables XFIII. to (he Dips 
observed with S 2, This needle being employed for the statical 
meaaurement of the variations of the intensity, the poles were not 
reversed in the dips obtained with it. The "observed dips" in 
Table XVUl. are consequently a mean of four positions only of 
the needle and circle j namely, of the circle in the azimuths 0° and 
180°, and the same repeated with the needle reversed on its sup- 
ports; both ends of the needle being read, and ten readings talcen 
in each position. There are twelve stations at which the dip was 
thus observed with S 3 ; at eight of these it was also observed 
with Gambey's instrumentj in which the poles of the needle were 
02 
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revenwd, aod the observation was conseqnentlj' complete. At 
tite Otber four ttattmu Gambey's circle was not employed, aod 
we bare to deduce from the obeerrations with S 2 the dips that 
would have been shown by a needle with the poles rereised. In 
the report of the Magnetic Observations in Scotland, (B. A. re- 
ports, roL vi. page 9S,) a correction for this pnrpose waa de- 
med from a comparison of results obtained at limerick with 
8 2, and with a needle on Mayer's principle, used in a circle 
ot Naime and Blunt's ; and we have here obscri'atioDs at eight 
other stations, furnishing materials for a similar comparison 
between the results of S 2, and of Gambey's instnunent. 



Table XIX. 









Eirarof 


«^? 






KUMi. 


B>. 


Omiber- 


.e 


!' 






fl i'4G:i 
SB ll'i! 
70 »fi'46 
68 ■17'4 
6S 06-1 
6B U2'2 
6U 10-4 
0» 29-7 
73 21 '4 
e» 240 


7"! (027 
6K 69-6 
70S3-5 
SH 45-7 

68 54-8 
88 .12-3 
6S 'KJ-9 

69 23-8 
72 14-3 
119 ltl'45 


+ 11-36 
+ 11-6 
+ 11^ 
+11-7 
+ 11-3 
+ 9-9 
+ 7-5 
+ 5'9 
+ 7-1 
+ 7-55 


10 
9 
2 
» 

3 
2 
4 
2 

1 


5 
2 

lb 


33 

1-0 
1-0 
1-5 
1-7 
1-9 

2-5 
1-3 
0-S 


3'7-49 
11-60 
11-93 
17-55 
19-21 
18-81 
10-50 
14-75 
9-23 
3-78 


Dunmn Ca<tl* 
grtlnglOT ((to.) 




S". ■?;;!>■■■::: 

JtnSin Hill 

tUw Oanbiu 


161 


154-87 


Hmh vmir of S » »l>en the |>o1e> were not reversed 


+ 9-6 


dtulldd In lh( Ct]i Hepoit of the BriliiJi AKocialion. page 98. As 
ot Ihflr rBiulli U ilighlly afTecled by cinployi"g » diflbrent raie of a 


beeo already 

Oiey are slated 


.-.,.. 


0.10, 


"&.•' 


ObKTved Dip. 


January 1930. 


w^e"ht''ftirthl? 


M.yw 


July 183.1 
Due. 183B 
F.b. 1836 
MiylBSa 

KoT.Dm 

M.y & June 

1836 


4 

a 
1 
a 

a 
3 


7°I l'6-93 
71 u-a 
71 184 
71 120 

71 11-7 

71 OO'US 


fi I'SM 
71 14-5 
71 13-7 

71 12-9 

71 0G-(! 
71 01 05 


7'l 14-(B 
J7\ 0.1-27 
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A correction is therefore required of— S)' 6 to all tbe dips 
observed with S 2. The application of this correction pro- 
duces the final column in Table XVIIL, entitled "Corrected 
Dips." 

Ill Tables XVIII. andXIX., ive have, then, the dip observed 
at fifteen stations with Gambey, and at four additional stations 
with S 2, making in all nineteen stations, which are inserted 
in the following table with their ^ographical positions, and the 
dips reduced to the mean epoch of the observations themselvefij 
viz. the iHt January, 1838. 

Table XX. 



^„. 


L... 


Long. 


,„Sw 


SUllaD. 


Lat. 


Long. 


..»„., 


Alnwick 

Castle 

Aberysthwilh 
Merthjr 


55 25 
54 55 
Si 33 
64 58 
53 21 
52 43 
52 21 
51 43 
51 57 


1 42 

2 11 

3 33 

1 36 

3 00 

2 IS 

4 05 

3 21 
3 21 


71 21-2 
71 2M 
71 131 

n 10-6 

70 34-1 
70 24-2 
70 22-8 
70 ai-3 
70 02-5 


Dunraven Castle 
Regent's Park 
Lew Trenehard 
Ke» Gardens... 
Weslmmster ... 

Falmouth 

Worcester Park 


5''l 38 
51 34 

50 40 

51 29 
51 31 

50 09 

51 23 
51 23 

50 50 

51 OS 


§ 37 6°9 45-0 

10 69 23-3 

1 10 69 20-3 
IS 69 18'3 
07 69 17-5 
5 OS 69 13-3 
17 e» OS-6 

-1 33 69 02-6 

34 68 55-5 

-1 19 68 51-9 


Tortingtoo 







Combining these by the method of least squares, we 
obtain the following values: .r= + "2305; y=— '408; 
« = — 65° 08'j r = -548; andS = 69° 56'-6 at the mean geogra- 
phical position, of which the latitude is 52° 18', and the longi- 
tude 1° 59'. 



If now we collect in one view the several values of u and r 
which have been thus obtained from the observations in Eng- 
land, we have as follows : 

Table XXI. 



„».„.,. 


SuUoni. 


P.uXn!' 


Value. Of 1 


Lit. 


Long. 


.. 


r. 




39 
U 
21 

3fi 
19 


S°2 45 
53 04 
53 49 
53 16 

52 18 


1 43 

2 08 

1 59 


-^2 41 
-ffii 15 
-(i3 14 
-68 54 
-65 08 


0-580 
0-611 
0-590 
0-54B 
0548 


Lloyd 

Phillips 

R<M» 
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If we regard the several values of u and r as entitled to 
weight proportioned to the number of stations of which each is 
the representative, we obtain —65*' 05' and cy'575 as the mean 
values of u and r derived from the English series, corresponding 
to the central geographical position 52*^ 38' N., and 8® 07' W, 



Section II. — Scotland. 



Observations of Captain J. C Ross. — ^These observations 
wer^ made with Robinson's six-inch circle, and the needles 
R 4, R 5, R 6, and R 7? which have been' already described. 



Tabjub XXII. 
Captain J. C. Boss's Observations of the Dip, Scotland. 



Statioii. 


Date. 


Hour. 


• 


Poles. 
• direct, 
S reversed. 


Mean. 


Hem 
Dip. 


Place of 
ObservatioQ. 




1838. 






o / 


o / 


/ 




Aberdeen ... 


July 18. 


4 P.M. 


R 4 


m 72 287 
fi 72 25*7 


72 27-2 


1 


In a field 






1 P.M. 


R 5 


#72 30 
a 72 25-8 


7227-9 


V7«27'6 


one mile 
aonthofUie 
city. 


Lerwiek 


— 24 


Noon 


R 4 


« 73 50*3 
^ 73 46-9 


73 48-6 


>l 




► 




2-15 P.M. 


R 5 


«73 43 
/3 73 41-6 


73 42-3 








^ 25 


Noon 


R 6 


• 73 41*8 
/3 73 46*4 


73441 




Gftrdiff- 




— 27 


Noon 
1-40 P.M. 

3 P.M. 


R 6 
R 4 
R 5 


« 73 44-8 
^ 73 47-8 
« 73 48*9 
fi 73 43*3 
« 73 43*2 


73 46*3 
73 461 


► 7344-9 


House, Bra9« 
sa Island. 










fi 73 41 


73 42*1 


J 
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SUUon. 



Kirkwall 



Wick 



GolspiQ 



Inytniess. 



Culgruff 



Jordan Hill 



Berwick 



Dunkeld 



Date. 



1838. 
July 31 



Hour. 



Aug. 8 



— 10 



h m 

1 P.M. 

2 40 p.m. 
6 40 p.m. 

Noon 

9 P.M. 

3 20 p.m. 



3 



P.M. 



R 4 
R 5 
R 6 

R 4 
R 5 
R 6 

R 6 



Poles. 

a direct. 

firevened. 



« 73 24- 7 

^ 73 20- 1 
a 73 20- 4 
^ 73 19* 4 
« 73 16- 9 
^ 73 21* 1 



Mean. 



o / 



7322*4 

7319*9 
7319 



Mean 
Dip. 



a 73 27* 
fi 73 18* 
a 73 15* 
fi 73. 17* 
a 73 17* 
fi 73 23* 



4 30 P.M. R 4 



— 13 



14 



Sept 8 



— 18 



14 



— 17 

— 18 



20 



— 21 



3 P.M. 

4 15 P.M. 

1 20 p.m. 

2 P.M. 

3 20 P.M. 

1 15 P.M. 
1 15 P.M. 

2 30 p.m. 
Noon 

2 30 p.m. 

4 20 p.m. 
Noon 

2 40 p.m. 



R 4 
R 6 
R 6 

R 4 
R 6 

R 6 
R 4 

R 6 
R 4 

R 6 

R 4 

R 5 

R 7 



a 73 0* 3 

/3 73 6* 8 

« 73 7* 3 

/3 73 3* 2 



Place of 
Observation. 



In thegarden 
tel. 



'73 19*9 



• 72 51*11 
/5 72 43* 1 
« 72 39* 5 
^ 72 47- 4 
a 72 46* 1 
fi 72 49* 6 

« 71 36* 4 
/3 71 37* 3 
« 71 31* 8 
/3 71 37* 6 

« 72 16* 6 

/3 72 19- 8 

« 72 21* 6 

fi 72 22' 8 

» 71 35 
fi 71 41* 6 
« 71 46 
/3 71 45* 1 



733* 5 
73 5* 2 



72 47*2 



73 4*3 



7243*5 ^7246*2 
72 47-8 



71 36*8 
71 34*7 



72 17-7 
7222*2 

71 38*3 
7145-6 



« 72 23* 
fi 72 23* 
« 72 26* 



fi 72 22' S 
« 72 22* 2 
/3 72 22' 2 
« 72 18* 9 
fi 72 24- 9 



72 23*5 

72 24*8 
72 22*2 
72 21*9 



} 



71 41*9 



72 231 



In the garden 
of Rose- 
bank, the 
seat of Mr. 
M«Leay. 

Dunrobin 
Casde, £. | 
of a mile.— 
In the wood. 



In the garden 
of the Cale- 
donian Ho- 
tel. 



In the grounds 
ofCulgrufi;tbe 
seat of George 
Clark Ross, 
Esq. 



In the grounds 
of Jordan Hill, 
the seat of J. 
Smith, Esq. 



Ina|;ardenhalf 
a mile north of 
the Scotch 
Oate. 



In a planta^ 
tion of larch, 
Craigie 
Barns, S.W. 
by W. three 
or four 
miles. 
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Table XXIII. contains the latitudes and longitudes of Captain 
Ross's Scottish stations, and the mean dip at each station at 
the dates shown in the preceding table. The whole interval 
in which they are comprised is so short, that no reduction 
to a common epoch has been applied. 



Table XXIII. 



station. 


Lat. 


Long. 


Dip. 


station. 


Lat. 


Long. 


Dip. 


Lerwick . . 
Kirkwall ... 

Wick 

Golspie 

Inverness ... 


o / 
60 09 

59 00 

58 24 

57 58 

57 28 


1 07 

2 58 

3 05 

3 57 

4 11 


o / 
73 44-9 

73 20-4 

73 19-9 

73 04-3 

72 46-2 


Aberdeen ... 

Dunkeld 

Jordan Hill... 

Berwick 

Culgruff 


o / 
57 09 

56 35 

55 54 

55 45 

54 58 


o / 

2 05 

3 33 

4 21 
2 00 
4 00 


7% 27-6 
72 231 
72 20-0 
71 41-9 
71 35-7 



If we combine these ten results by the method of least 
squares, we obtain the following values : .r = + '250 3 
^=-•484; w=-62°39'; r=0'-545 5 and 5=72°40'-8 at the 
mean geographical position 57° 20' N., and 3^ 08' W., and at 
the mean epoch August 18, 1838. 

Major Sabine's Observations. — ^These observations were 
made at twenty-seven stations in the summer of 1836, with a 
circle by Nairne and Blunt, and the needle S 2 of Robinson. 
The details have been already published in the 5th vol. of the 
Reports of the British Association, and need not therefore be 
repeated in this place. When that Report was published, the 
correction of S 2 was provisionally taken as —12'; it has since 
been more correctly ascertained to be —- 9''5 by a much more 
extensive series of comparative observations ; (Table XIX.) The 
subjoined table (XXIV.) contains the latitudes and longitudes of 
the twenty- seven stations, and the dips, to which the new correc- 
tion of — 9'*5 has been applied. As the whole of these obser- 
vations were comprised within an interval of six weeks, no 
reduction to a mean epoch has been thought necessary. 
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Taulb XXIV. 



»— • "• 


Long. 


Dip. 


EUli™. 1 L.t. 


!j>ng. 


Dip. 


Tobmnorie ... 
Loch Scavig... 
Loch SJBpm... 


57 14 
S7 14 
57 58 

57 sr 

56 33 

57 37 
57 08 
67 20 

53 43 

57 13 

58 25 

SB 39 
58 


§^1 
6 07 
6 03 

3 57 

4 11 

5 4B 
309 

4 40 
a 50 

5 17 
3 46 

3 55 
5 07 

4 41 


73 07 6 
73 05-2 
73 021 
72 55-5 
72 46-4 
72 42-S 
72 40-8 
72 40-3 

72 36-8 

73 23-9 
73 31-9 
73 174 
73 171 
72 16-7 


Loch K[dan ... 
Caslle Duart ... 


55 5T 
.56 31 
67 01 
6S07 

56 04 
55 51 
55 48 

55 33 

56 36 
55 57 
51 55 

55 35 

56 34 


Ii'o 

5 45 
a 25 

3 09 
5 2S 

4 U 

4 53 

5 38 
3 18 

3 11 

4 59 

2 44 

3 39 


^2 I's-B 
72 15-3 

72 U-1 

73 10-9 
73 07-6 
73 01-e 
73 Oil 
71 55-9 
71 54-7 
71 60-3 
71 43-3 
71 36-8 
71 83-6 




ir.3U;":::::: 

ArlorniiJi 

Cordon Caitle 
Fort Augustus 


Loch Gilpbead 


Gmt Cumbiay 
Csmpbeltown .. 

Blairgoirrie 

Edmhurgh 

Loeh Ryan 


Locb Ranza.. 


Newport 

Glencoe 





If we combine these twenty-seven results by the method of 
least equaresj we obtain the following values: a = + '337; 
i/ = ~-461 ; K=— 53° 47'; r=0-571 ; 8=72° 18'-7 at the 
mean geographical position 56" 26' N., and 4° 19' W.j and 
at the mean epoch September 1, 1836. 

3fr. Fox's Observations. — ^These observations were made 
with Mr. Jordan's 7-iiich circle and needle, and are as follows : 



Mr 


Fox's 


Observations of the Dip 


n Scotland. 


suf.™. 


Dmlr. 


Ho.r. 


I^t. 


lone- 1 Dip. 


P]ac..fOb«t,a.ion. 


Melrose 

Linlithgow ... 

Loch Lomond 
Glx'gow 


1837. 

._.,.;. 

— 28 

— 30 
_ 31 

sj,,,; 

— 6 

— e 


Hi A.X. 
8 A.M. 
6 P.M. 

S r.«. 
2 r.«. 


6='6 .15 
55 57 

55 57 

56 69 
56 15 
58 13 
55 51 
55 30 
65 01 


§44 
3 11 
3 11 

3 37 
5 04 

4 40 
4 14 
337 
3 04 


fl 3'8 
71 47 
71 53 

71 59 

72 7 

73 15 
72 6 
71 40 
71 29 


East of the Abbey. 

Botanic Garden. 
Near mint of the Palace, 
In the Park. 
Lakeside near Tarbet. 
BoUnic Garden. 
Near Ihe Inn. 
Behind the Inn. 


GielDB Green 
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The portion of country over which these observations extend 
is too limited to afford an advantageous combination for the 
deduction of the values of u and r ; 1 have therefore combined 
them with my own twenty-seven results in Table XXIV., 
forming an united series of thirty-six stations towards the final 
deduction of the values of u and r in Scotland, Mr. Fox's ob- 
servations having been previously reduced to September 1836. 
From this combination we obtain the following values; xss 
+ •320; y«i--*447; w=:-54'*20'; r=5:0'550; ^=72M3-2 at 
the mean geographical position 56® 18' N., and 4° 10' W. 



If we collect in one view the values of u and r which have 
been thus obtained from the observations in Scotland, we have 
as follows : 

Table XXVI. 



Obfenrer. 


No. of 
Sution. 


Mean Oeographical 
Position. 


ValuM of 


Lat. 


Long. 


«. 


r. 


Ross 

Sabine and Fox 


10 
36 


5^7 20 
56 18 


§d8 
4 10 


-6% 39 
-54 20 


0-545 
0-550 



Regarding the values of u and r as entitled to weight propor- 
tioned to the number of stations of which each is the represent- 
ative, we obtain w=:— 56° 06', and /•=0'549, as the mean va- 
lues derived from the observations in Scotland, and corre- 
sponding to the central geographical position of 56^ 49' N., and 
3° 39' W. 
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Section III,— Ireland. 
{This Section is by the Rev. H. Lloyd.) 

Before entering into the details connected with this division 
of our memoir, it will be necessary to make a few remarks upon 
the principles of the calculation which has been employed in 
deducing the position of the isoclinal lines from the scattered 
observations. 

If z denote the dip (or intensity) at any station of observa- 
tion ; *o that at some near station, which is taken as the origin 
of co-ordinates ; and x and y the actual distances (in geogra- 

fthical miles) between the stations, estimated on the parallel of 
atitude and on the meridian, respectively, — or the co-ordinates 
of position of the first station referred to the latter as an origin ; 
then I have shown*, (Fifth Report, p. 151) that the relation 
of these quantities is expressed approximately by the equation 

in which M and N represent the increase of the dip (or inten- 
sity), corresponding to each geographical mile of distance in 
the two directions. 

In employing this equation in the calculation of the isoclinal 
and isodynamic lines, I had taken one of the stations of ob- 
aervation — namely, Dublin — as the origin of co-ordinates : ob- 
servation, therefore, gave the lalues of 3 and y^, and the equa- 
tions of condition thus obtained were combined, by the method 
of least squares, so as to give the moat probable values of M 
and N. In a subsequent application of this method, (Sixth 
Report, p. 99) Major Sabine adopted a better course, and 
took an arbitrary station, with an unknoivn dip and intensity, 
as the origin. Xq was thus unknown, as well as M and N ; and 
the leaulting equations gave not only the most probable values 
of the increase of the dip (or intensity) in the two directions, 
but likewise that of its absolute amount at some one station. 

Let this latter quantity be denoted by L, i.e. let Jq = L in 
the preceding equation ; then each observation will furnish an 
equation of condition of the form 

L -i- Ma- + N^ = X. (:i) 

Combining these equations by the method of least squares, we 
have the three following final equations : 

* The Qolation here used is aoniewhat difierent trom ihat employed in the 
Repoit. Tha variation can cause no embarraaamiint to the reader. 
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LS(«.) + MS (war) +NS(«>3() = S(tt>a), 
L5(«iar) + MX {w x''} + 'ii%{w X ^) = X(w X s), (3) " 

l.X(w y) + UX{ic X ff) +t^X {w tf) =S(iry«); 
in which w denotes the weight of the determination, and the 
symbol S the sum of the « values of the quantities within the 
brackets, n being the number of separate determinations. From 
these equations, the moat probable values of the three unknown 
quantities, L, M, N, are obtained by elimination. 

If the point taken for the origin of the co-ordinates be that 
for which 

S(.«^)=o, J(»j) = 0i 

or be, as it were, the centre of gravitij of the stations, the final 
equations are reduced to 

Mti^wxy) + N2(u)y') = X{wyz). 
The values of L, M, N being obtained, we may apply 
the equation (^) either to determine the value of z, when .r 
and y are given, i. e., to deduce the most probable value of the 
dip for a given place, — or, conversely, to infer the relation of 
X and y when a is given, i. e. to determine the equation of the 
line passing through all the points o? given dip. In this latter 
application let jb — L = K ; the equation of the line then is 

M.r +N»/ = K, (4) 

X and y being the co-ordinates, measured along the parallel of 
latitude and the meridian respectively. On this supposition, 
then, the isoclinal line is a right line ; the angle which it makes 
with the meridian is 



I 



ang 



('""=-h)i 



(5) 

and the increase of the dip corresponding to each geogj'aphi- 
cal mile of distance, in a direction perpendicular to the line, is 
^/ftPTN""'. (6) 

In tliis mode of computation it is assumed, not only tbat the 
portion of the earth over which the observations extend 
may he treated as a plane surface, but also that the differ- 
ences of dip (or intensity) are finenr functions of the differences 
of latitude and longitude, —in other words, that the isoclinal 
and isodynamic lines are straight. This supposition may be 
safely made, where the district of observation, itself inconsider- 
able in extent, is remote from the poles of dip or of intensity ; 
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for in such cases the curvature of the lines not being rapid, the 
curve itself may, for a small portion of its extent, be confound- 
ed with its tangent. It suggests perhaps the best mode of de- 
termining with precision the empirical laws of the distribution 
of terrestrial magnetism ; namely, by means of small groups of 
observations, each of which willgive, by this method, not a ^poini! 
in the curve merely, but a portion of its tangent. 

The extent of the district in which this method is available 
will, of course, vary with the curvature of the lines on the 
earth's surface, becoming more and more limited as we approach 
the poles. Where the flexure of the lines is rapid, and we 
seek, nevertheless, to combine the observations scattered over 
a moderately extensive tract of country, it becomes necessary 
to obtain some means of pushing the approximation further. 

Such means readily present themselves. Whatever be the 
laws of distribution of magnetism on the surface of the earth, 
it is manifest that the dip (or intensity) at any station is a func- 
tion of its co-ordinates of position; or that 

« = F(-.,ffl, 
ct and /9 denoting the co-ordinates of the station (in parts of 
radius) referred to some neighbouring station as an origin. 
Accordingly, 

- = « + ©- (S)^-i(5V^)-+(j?|-^)"^ 



'-i&)^ 



I 

L 



the brackets denoting the particular values of the derived 
functions, when a = U, /3 = 0. The quantities ot and 0, in the 
preceding equation, being small, we may push the approicima- 
tion as far as we please, by including a greater number of terms 
in the development. 

Let the co-ordinates of linear distance be denoted, as before, 
by X and y, 

r' "^ r 
r being the radius of the earth. Substituting these values in 
the preceding equation, and making 

we have 

z~h+Ux + 'Sy + 'Px^+Qxy + K7/ + &c, (7) 
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If we retain only the terms of this equation in which x and y 
are of the first dimension, we Iiave the equation (2) already 
obtained. 

To advance another step in the approximation, we should in- 
clude the terms in whicli x and y are of the second dimension ; 
and we shall thus have six unknown coefficients L, M, N, P, Q, 
R, to be determined. For this purpose, the equations (in number 
the same as the stations of observation) are to be combined by 
the method of least squares ; and the six resulting equations 
will give, by elimination, the quantities sought. 

The coefficients L, M, N, &c. being known, the line of given 
dip is 

Ry* + Qxy-i-PT'' + 'Ny+Mj^ = K, (8) 

in which K denotes, as before, the particular value of * — (e). 
Here, then, the isoclinal line is of the second order ; and its 
species is determined by the relation of the first three coeffi- 
cients, P, Q, R. The equation of the curve being found, it is 
easy to construct it graphically by points. 

The preceding solution of the problem is probably suffi- 
cient for all purposes j but the determination of six unknown 
quantities by the method of least squares, when the equations 
of condition are numerous, is a formidable labour ; and it is 
therefore important to consider whether we can safely stop 
short at any step of less generality. Now it is easily seen that 
in most cases to which we have to apply this method, the iso- 
clinal line may be represented by the equation 

P a^ + N if + M a; = K, (9) 

in which there are only four coefficients to be determined*. 
This equation (considered as belonging to a plane curve) is that 
of a parabola. 

The equation, being linear in one of the co-ordinates, is very 
easily constructed by points. 

• Tliis 19 evident from gHometricul considerations. 

Let L M be a portion of the curve, re- 
ferred to the axes ofco-ordinates O P, O L; 
and let L Q be its Eaiigetit at the point L, 
making with the axis of abscisaie an angle 
whoae tangent is a. The ordinate of Che 
curve P M, is equal to P U + ^ M. But 
PQ, the ordinate of the tangent, iseqiial to 
ax + b, b clenotins the ordinate at the ori- 
gin, O L. And the sagitta Q M, ii pro- 
portional to Q L', the arc being small in 
proportion to ^e radiue of curvature ; i. e. 
Q M = t X Q L< = A (1 + o«) (r» = 02*. Hence 
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The object proposed in the preceding methud has been at- 
tained by Major Sabine by a different process, which will be 
applied by him in the sequel. It is therefore unnecessary to 
make any application of that here laid down. 

In combining the equations of condition by the method of 
least squares, it is manifest that we cannot, in general, allow 
equal weight to all. The result obtained at one station may be 
derived from a single observation only ; while, at another, it 
may be the mean of several observations, made at different 
times, and with different instruments. In a former discussion 
of the observations in Ireland, weights were assigned to the 
results at each station, but on arbitrary and uncertain princi- 
ples. I now proceed to remedy this defect ; and I do so the 
more willingly, both on account of the great importance of 
this branch of the theory of probabilities in Physical science, 
and because the results to be referred to are connected with 
researches not as well known as they deserve. 

Let Xy, jg, ^^3, &c., x^, be n values of the quantity x, ob- 
tained by separate and independent observations { and let a 
denote their arithmetical mean, so that 

a= — {j?i + *» + ajg -I- &c. 4-3?^) i 

then the probable error oi this mean, i. e. the limit on either- 
side of which there are equal chances of the actual error lying, 
is given by the formula 

'^' = "''11'-"^)°'' - (•"' 

in which £ (i — of denotes the sum of the squares of the dif- 
ferences of the several partial results and the mean, or the va- 
lue of 

{xy — ay + ((Tg - af + &c. + (a?„ — a)' ; 

and in which, also, p is the number which satisfies the equa- 
tion 

f , 



A 



Numerically, p = 0-I769 : and substituting in (10) 
■4.54B 2 (X - „) ■ 
^ - „{,,-!) '") 

The probable error of a single result, ns deduced from com- 
parison with the rest, is in like manner given by the formula 



so ttat 6* = « E'. The weights, in both cases, are ineasured by 
the inverse of the squares of the probable errors ; that is 

\VE« = 1, wje'= 1, (13) 

w ami W denoting the weights of the single resuh, and of the 
mean, respectively*. 

When tlie quantity sought is a linear function of two or 
more unknown quantities, which latter are obtained imme- 
diately by observation, its probable error is connected with 
those of the quantities on which it depends by a very simple 
relation. 

Let if and // be tlie quantities sought by immediate observa- 
tion, and let the quantity actually sought, z, be a linear func- 
tion of these, expressed by the equation 

a = p X -i- q y. 
Let a denote the arithmetical mean of m observations of the 
unknown quantity x ; b the mean of n observations of y ; and 
let E and E be their probable errors, or the limits on either 
side of which there are equal chances of the actual errors, x—a, 
y ^ b, being fonnd. Then the probable error of 3, E^, is ex- 
pressed by the formulaf 

E»=p'E^ + q^W. (14.) 

The case of a linear function includes every case in which 
the quantities sought are already approximately known. We 
have only to substitute for these quantities their approximate 
values ^/«j the unknown corrections, and to neglect the squares 
and higher powers of the latter. 

To apply these principles to an important case, — let it be re- 
quired to determine the probable error (or the weight) of the 
mean dip at a given station, as deduced from n^ observations, 
with n^ instruments, 

The true dip being equal to the observed dip plas the in- 
strumental correction, it is manifest that, in this case, 
E^ = E%+E«;; 

' For the (lemon strati on of these tlieorema, the reader is referrtd lo apnper 
Ij Prof. Eucke, in the Jsironoiiiisches Ja/irbucA for the year 1834. See also a 
paper by M. Poisson on the same subject in Ihe Connoksaiice des Temps, 1 8U7. 

\ See a paper by M. Poisaon in the Bulletin Vnivtrsel dts Sciences, tome xiii, 
p. 2Sl]i See also the Memoir by Prof. EacXe, akeady refnred to. 
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E denoting the error of observation, and E that due to the 
imperfection of instruments. But 



e« 



El=±,E,=±, 



Ho n^ 



6^ denoting the probable error of a single observation, and e^that 
of a single instrument. Hence 









n, 



(15) 



We have here taken no separate account of the error arising 
from the variations of the dip, that error being inseparably 
combined with the error of observation ; the symbol e^, there- 
fore, in the preceding, denotes the probable error resulting 
from the two conjoint sources. 

In order to estimate the value of 6^, I have taken the follow- 
ing series of observations, made with the needles, L. 1, L. 4, 
in Dublin, the longest series of observations made with the 
same instrument at a single station in Ireland. The 1st column 
of the table contains the dates of observation ; the 2nd the ob- 
served dips (uncorrected) ; the 3nd the reduced dips, referred 
to the 1st of January, 1836. In the 4th column are the differ- 
ences between the partial results and the mean ; and in the 5th, 
the squares of these differences. 

Table XXVII. 
Needle L. 1. 



Date. 



Oct. 21, 1833 
Aug. 7, 1834 

- 8. 

- 9, 

- 19, 
Sept. 22, 

- 23, 
Sept. 4, 1835 

- 5, 

- 7, 

- 9, 

- 14. 

- 15, 



Observed Dip, 



fy 56-4 
70 51-6 
70 57-6 
70 54-3 
70 49-5 
70 560 
70 53-8 
70 46-7 
70 55-6 
70 54-2 
70 54-4 
70 56-7 
70 53-3 



Reduced Dip. 



fo 51-2 
70 48-2 
70 54-2 
70 50-9 
70 461 
70 530 
70 50-8 
70 45-9 
70 54-8 
70 53-4 
70 53-6 
70 55-9 
70 52-5 



x—a 


(*-a)2 


- 0-4 


016 


- 3-4 


11-56 


-f 2-6 


6-76 


- 0-7 


•49 


- 5-5 


30-25 


-}- 1-4 


1-96 


- 0-8 


•64 


- 57 


32-49 


+ 3-2 


10-24 


-h 1-8 


3-24 


-1- 20 


4-00 


-h 4-3 


1849 


-f 0-9 


•81 



VOL. VII. 1838. 



H 



; XXVIII. NeeJlc L. 4. 



k 



Dale. 


Cteervrf Dip. 


Beducal Dip. 


'- 


(.v-a)« 


Sept. 22, 1S34. 


7l 2-^ 


75 SB-2 


+ 9i 


82-81 


- 23, 


70 63-8 


70 50-8 


+ 0-7 


0-49 


— 29, 


70 44-8 


70 41-8 




68-89 


Oct. 25. 


70 S-ll 


70 51-3 


+ 1-2 


1-44 


Aug. lit, 183J. 


70 Sl-8 


70 50-8 


+ 07 


0-49 


Sept. 4, 


70 43-6 


70 42-8 


- 7-3 


53-29 


- s, 


70 52'8 


70 62'0 


+ 1'9 


3-61 


— 7. 


70 52-2 


70 51'4 


+ 13 


1-6B 


~ 9. 


70 46'2 


70 45-4 


- 47 


2209 


— 14, 


70 63-4 


70 52'e 


+ 2-5 


6-35 


- 15, 


70 5a-0 


70 54-2 


+ J-1 


16-81 


Nov. 6, 


70 4911 


70 49-2 


- OS 


0-81 


— s, 


70 45-R 


70 454 


- 4-7 


33-09 




70 6.1-9 


70 63-6 


+ 3-4 


11-66 


Apr. 11 ! 1836. 


70 48-1 


70 48-9 


I T-3 


1-44 


- is: 


70 471 


70 47-9 


- 3-3 


4-84 


Mbj 7, 


70 50-9 


70 Sl-7 


+ 1-e 


3-56 


- 8. 


70 56-4 


70 57-3 


+ 7-1 


50-41 


Aug. 5, 


70 43-1 


70 44-6 


- s-e 


31-3S 


- 6, 


70 a 1-3 


70 527 


+ 2-6 


6-76 



From the former of these tables we find 

n=l3, o = T0° 5V-G, S (.r - a)= = 121-09; 
and from the latter 

M = SO, ffl = 70= 50'-l, 2 (a: - o)* = 389-69. 
Substituting these numbers in (12), the probable error of ob- 
servation in the former series is found to be 2'-l ; and in the 
latter S'O. 

It is remarkable that the squares of these errors (the inverse 
of which are the measures of the weights) are, almost exactly, 
in the ratio of 1 to 2 ; that is, in the inverse ratio of the num- 
ber of readings with each needle. This is a curious confirma- 
tion of the accuracy of the conclusion. 

From the preceding it follows, that in combining the results 
of the two needles, L. 1 and L. 4, (when used together) double 
weight must be allowed to the formei-. It appears from (14) 
that the probable error of the mean, thus deduced, is l'-8. We 
may therefore consider two minutes as the probable error of 
observation in the present series, whether the result be that 
of a single needle with the usual number of readings, or the 
mean of the two needles L. 1 and L. 4. 

The probable instrumental error, ej, varies, of course, within 
very wide limits, depending on the perfection of workmanship. 
In a former part of this memoir, Major Sabine has pointed out 
the very great improvement which our English dipping needles 



I 
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have undergone in this respect, subsequently to the year 
1835*. The menu error, for any set of needles, may be ob- 
tained from (15), when we have made a series of observations 
with these needles at any one station. Let e denote the pro- 
bable error of the result given by any set of observations with 
a single needle, as inferred from comparison with the others; 
Then e* = ii^ E", and substituting in (15), we have 



in which the value of e* is deduced from the observations by 
means of (12). 

To deduce, according to these principles, the value of e^ for 
the needles employed in the Irish survey, we must compare 
the resuhs obtained at Limerick, — that being the only station 
where all the needles were employed. These results are con- 
tained in the following table. The first column contains the 
names of the needles employed; the second, the dips obtained, 
reduced to the Ist of January, 1837, of which the mean value 
is 71° 0'-r>; in the 3rd column are the differences of ihe par- 
tial results and the mean ; and in the 4th, the squares of these 
differences. 

Table XXIX. 



Kc«LI.. 


Dlp = *. 


x-» 


('-.)' 


8.3 


7\ '2-6 


+ 21 


441 


M 


71 1-4 




OSl 


.S. It 


70 5;-6 


-2-9 


8.11 


S.lf 


70 59-1 


-1-4 


I'M 






+ 4-a 


17-84 


L. 1 


70 57-7 




7-84 



From the last column of the preceding table we find 
2 (j: — o)" =41 '07; and substituting in (12), e' = 3-70. 



Again, tit = 6, 



: 26, and, assuming c 



— ^_ = o-9a 



" The probable iiiitrumeTital error of tbe needles employed at Weatboume 
Green in 183S, us deduced from the observations recorded in ihe Jrisli Report 
(Fifth Report, p. H2), amoiinls to 8''3. The mean probable error of the 
neeiites employed at the same plnce in ISoi and 1838, aa deduced from the 
observations contained in Table III. of the present memoir, ia about one miniiie 
odlv. 

i 
Ihei 
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We have, therefore, from the preceding formula, e^^ = 2'78, and 
e^ = l'-7. 

It appears, then, that the instrumental error is somewhat less 
than the error of observation. The difference, however, is 
probably less than the error of our result ; and we shall as- 
sume, in round numbers, two minutes as the amount of each 
error in the Irish series. 

Taking, then, e^ = e = 2, we have (15) (13) 



E« = 



. = ^(^ 



From this formula we learn how useless it is to multiply obser- 
vations with the same instrument, in order to obtain the dip at 
a given station : When iit= 1, we have 

l=4(l+l),i- = 4.S; 
W \n / w) 

w denoting the weight of a single observation ; so that 

w __£5_. 

W ~ H^+ I' 

and, however the obsei'vations be multiplied, the weight of the 
result can never amount to double the weight of a single ob- 
servation. 

In what precedes, we have considered only the actual dip at 
a given station. But in deducing the position of the isoclinal 
lines from observations of dip made at several stations, it is 
necessary to consider likewise the probable difference between 
this dip and that due to the geographical position of the sta- 
tion ; or, in other words, the probable mean local error. 

Let a denote this error ; then it is manifest, from what has 
been already said, that the actual resulting error will be ex- 
pressed by the formula y^fiTW^ 

^=i + 'j + .].' ^Q (17) 

The mean local error will, of course, be very different in dif- 
ferent countries, the differences depending chiefly on the re- 
lative proportion of the igneous and sedimentary rocks. In 
Scotland, as appears from Major Sabine's excellent report (Sixth 
Report, p. 103), the local error is considerable ; in England it 
is probably small. We may estimate its amount in any district, 
by computing the dip due to the geographical position of each 
station, by the formula (2), and taking the sum of the squares 
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of the differences between the computed and observed results. 
This, substituted in (12), will give the tolal mean probable 
error, or the value of e in the equation (17) (»„ and tii now 
denoting the mean number of observations, and of instruments, 
at each station) ; and, e^ and e. being already known, we de- 
duce the value of e^. 

In addition to the observations of dip already printed in the 
Irish Magnetic Report, the following pages contain, 1st, a se- 
ries of observations made by Robert W. Fox, Esq-, at nine 
stations, chiefly in the West of Ireland; 2nd, observations 
made by Major Sabine, chiefly in Limerick; 3rd, my own ob- 
servations in Dublin ; and 4th, a series of observations made 
by Captain James Ross, at twelve stations, distributed uni- 
formly over the whole island. 

Mr Fox's observarions are contained in Table XXX. They 
were made in the autumn of the year 1835, at a time when the 
other parts of the Irish survey were in progress ; but, Mr, Fox 
not being at that time associated in our labours, his results were 
separately pubhshed*. They are now, with his permission, 
republished in the present memoir. The instrument employed 
in these observations has been already describedf. 



Table XXX. 
Mr. Fox's Observations in \8S5, 



S,.d.n. 


D^X^ 


Hoar. 


mp. 


PluEorObHrciIinn. 




— IB 

— 24 

— 34 

— 25 

— 37 

— 98 


3J T.M. 
10 A.K. 

41 .-.«. 

91 A.M. 


!^fi9 
71 36 
71 41 
71 53 
73 3 
73 8 
73 7 
73 15 
73 


Garden of Trinkj CoUegp. 

Hotel Garden. 

Island in Lough Corrib. 

Hoiel Garden. 

Garden of Hotel (Sligo Arms). 

West aide of Lough Codh. 

Hotel Garden. 

East Bide, 

Hotel Garden. 














G[»Qfs Causawiiy 



M^or Sabine's additional observations, 
XXXI, were made at Limerick, Duhli 



contained in Table 

. and Bangor, in the 

These observations have been already printed 

• Proceedings of tlie Cornwall Polytechnic Society. 

f Page 3. 

J With the extpplion of one set of obaervatiuna made with Miiy*r's rircdle 
',n the year 183^. These observations, though referred to In tlie Irish Report, 
ivere overluoked in Ihe compilation of tbe tables. 
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in the Scotch Magnetic Report, and are reprinted here, so 
as to have all the data connected with Ireland present in one 
view. The needles employed, (Mayer's needle and needles 
S. 1, S, 2,) have been already described. 





Table XXXL 








Major Sabine's Observations. 




station. 


Date. 


Hour. 


Needle. 


Dip. 


Limerick... 

• • • 


Nov. 1, 1833. 
— 2&4,1833. 


1 P.M. 
1 P.M. 




Mayer's. 


fl 110 
71 11-9 


Limerick... 


Mean... 

May 1836. 
June 

Mean... 






Mayer's. 


71 U-5 
71 00 




May 1836. 






SI 


71 0-6 


Limerick... 
Limerick... 


Feb. 20, 1836. 
May 5 
— 5 

Mean... 


1 P.M. 

11 A.M. 

1 P.M. 




S2 


71 13-4 
71 130 
71 110 
71 120 


DubUn ... 


July 22, 1836. 

— 22 

— 23 

Mean... 


Noon 

1 P.M. 

Noon 
7i 






71 141 
71 11-6 
71 13-7 
71 131 


Bangor ... 
Dublin ... 


Sept. 21, 1836. 
Oct. 4 


10 A.M. 
1 P.M. 






71 48-7 
71 12-7 



My own additional observations were confined to Dublin, and 
were made in the years 1836 and 1838. The observations of 
the former year, contained in Table XXXIII, were made with 
the statical needles, L. 3 and L. 4, already described. Those 
of the latter, (Table XXXII), with the dip circle, and needle 
G. 2 made by Gambey * ; and with another circle of the same 
size, and two needles, made by the same distinguished artist 
for the Dublin Observatory. All these latter observations 
were made according to the method of arbitrary azimuths. In 
conjunction with the observations of Captain Ross in Dublin, 
they are taken as the basis on which the determination of the 
corrections of my other needles, L. 1, L. 3 and L. 4, is made 
to rest. 
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Table XXXIL 

Mr Lloyd's Observations in Dublin in 1838. 

Gambey's Needles. — Method of Arbitrary Azimutlis 



Nwdte. 


Aim.. 


Allele. 


A.im. 


Angle. 


Mean Angle. 


Dip. 


f 
O 


U 
90 

10 
lOU 

10 
110 

30 

m 

40 

m 

50 

no 

60 
ISO 

70 
160 
BO 

170 


70 49 8 

71 41 

86 42 3 

71 64-0 
83 MO 
73 114 
SO 37 4 
75 09 
77 40-3 
77 20-4 
75 17 9 
HO 1-0 
7;t 28 
8,1 4 4 

72 (1 4 
80 165 
71 14 8 


1§0 

270 
190 
280 

200 
2<H» 
210 
300 
220 
310 
2J0 
320 
240 
330 
250 
340 
21.0 
3j0 


7U 56 
89 49 4 
71 118 
88 172 
71 9 1 
83 219 
73 10 4 
80 13 9 
71 4-0 
77 324 
77 21-0 
75 11 1 
80 86 
73 20-0 
83 85 
71 59 1 
Sb 23 
71 71 


J°0 5il'-9 1 
89 46-4 
71 7-8 ' 
86 39-7 

71 565 
83 37-5 
73 15-4 
80 20-6 
75 35 
77 36-3 
77 22-2 
75 14-5 
80 4-8 
73 24-0 
83 fl-5 

72 3-8 
86 19-8 
7111-0] 


70 52-8 
70 53-G 
70 56-0 
70 56-0 
70 55-1 
70 55-3 
70 56-0 
70 55-4 
70 52-6 


t 

n 



90 
30 

120 
60 

15U 


70 591 
89 53 5 
73 111 

80 162 

80 as 

73 30-7 


ISO 
270 
210 

soo 

240 
330 


71 19 
89 523 
73 19 5 

80 110 
80 161 
7i 171 


71 0-5 
89 63-9 
73 15-3 
80 13-6 
80 13-3 
73 18-S 


71 0-5 
70 52-7 
70 55-6 






00 
30 
120 

60 


70 55 ) 
89 513 
73 Ifll 
80 22 

8U 16 
73 36 7 


180 
270 
211) 
100 
240 
3M 


71 17 

89 510 
73 2M 
80 68 
80 24 9 
73 19 J 


70 58-8 1 
89 52-1 J 
73 22 a 1 
80 14-1 / 
80 20-5 1 
73 331 / 


70 58-8 

70 59-3 

71 25 




I5t 
105 

45 
135 

75 
165 


71 26-0 
85 194 

75 .3 9 

76 33 S 
84 283 
71 46 7 


19.. 

2SS 
32j 

J45 


71 32 b 
85 13 4 
75 314 
78 3I>4 
84 311 
71 38 1 


71 29-3 1 
sa 16-4 
7.5 56-6 
76 32-0 
84 2K-7 


70 58-3 
70 53-5 

70 59-9 



* Tlie Aiiiniith O' is [bo inBsnetii: meridian, tlie Tace of the instriiment b^itig Ic 
the ra5t. The aiimutlia incrense iii tiie order N., E., 8., W. 

t The iiimulhs in Uiis last oliserv.ilion are set down in a round number of de- 
greet Thej were (exactly) W \5', 44° 15', 74° 15',&c. 
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Table XXXIII. 
Mr. Lloyd's Observations in Dublin in 1836. 



Date. 


Needle L. 3. 


Needle L. 4. 


Hour. 


Dip. 


Hour. 


Dip. 


April, 11. 
— 15. 
Mean... 

May 7. 

— 9. 
Mean... 

Aug. 5. 

— 6. 
Mean... 


h ra 
12 18 
12 30 
12 24 

1 32 
1 25 

1 28 

3 50 

2 35 

3 12 


fo 53'4 
71 0-0 
70 56-7 

70 56-5 

71 0-9 
70 587 

70 54 7 
70 58-4 
70 56-5 


h m 
12 43 
12 8 
12 25 

1 10 
12 50 

1 

3 28 

2 10 
2 49 


7°0 4^1 
70 471 
70 47-6 

70 50-9 
70 56-4 
70 53-6 

70 431 
70 51-3 
70 47-2 



The observations of Captain Ross were made in October and 
November, 1838, with the needles designated as R. 4, R. 5, 
R. 6, R. 7, L. 3, L. 4, in the preceding pages. The stations 
of observation being sufficiently numerous, as well as uniformly 
distributed, it has been thought advisable to combine them in a 
separate determination. The observations are contained in 
Tables XXXIX. and XL. 

We have now to consider the actual errors of the instru- 
ments employed in the preceding observations. 

The errors of dipping needles may be ascribed to one or 
other of the three following causes: namely, 1, the Jriction of 
the axle on its supports ; 2, the imperfect curvature of the 
axle itself; 3, magnetism in the limb. 

It is owing to the first-mentioned cause that a dipping nee- 
dle assumes, in general, a new position of equilibrium after it 
has been disturbed, the limit of error being the angle at which 
the directive force, increasing as the sine of the deviation, 
becomes equal to the friction. This limit varies, for a given 
state of polish of the axle and of its supports, with the radius 
of the cylindrical axle, the weight of the needle, and its direct- 
ive force *. In all the earlier dipping needles constructed in 
this country, this limit of error is considerable, owing to the 
unnecessary size of the axle. 

The errors arising from the two latter causes are, however, 
of a very different nature. The positive and negative errors 
due to friction are equally probable , and the effect of the dis- 

♦ Trans, Royal Irish Academy, Vol. XTii. p. 1 QG. 
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tuibing cause is merely to widen the limits of probable error. 
The imperfect curvature of the axle, and the magnetism of the 
hmb, act however very differently. Either of these sources of 
error must, at a given place, affect all the results in the same 
manner; and, consequently, no repetition of observation, with 
an instrument so circumstanced, can afford even an approxi- 
mation to the true dip. At different places the error will be 
different, and will vary according to no assignable law, 

The course to be pursued by the observer with reference 
to these errors is manifest. Their existence or non-existence 
should be ascertained at the outset by one or other of the means 
pointed out by Major Sabine in the commencement of this me- 
moir ; and if found to surpass certain Hmtts, the instrument 
should be rejected. The case is different, however, when the 
instrument has been actually employed for some time pre- 
viously to the detection of the error. Here we must seek, if 
possible, to determine the probable amount of the error, and 
apply it, with an opposite sign, as a correction to the results. 
Where the district of observation is limited, this is practicable. 
It will be easily understood, that the imperfect curvature of the 
axle, or the disturbing action of the limb, must, within a moderate 
range of dip, affect all the results in the same manner, bo that 
they will all require a correction having the same sign ; and that 
when the range of dip is very small, the amount of the dia- 
lurbance will be nearly the same throughout, and consequently 
the correction required will be nearly constant. In such a case 
then we have only to determine the amount of the error at some 
one station, by a comparison of the results with those of proved 
needles obtained at the same place, and, if possible, at the same 
time. 

Again, in needles whose poles are unchanged, gravity acta 
with a certain moment with or against the directive force ; the 
coincidence of the centre of gravity with the axle being rarely 
attained. The observed inclination, therefore, deviates from 
the true dip, and the amount of this deviation varies in different 
places, according to a known law*. To obtain its actual 
value, however, at any station, it must be known at some one; 
and this knowledge is to he obtained, as before, by a com- 
parison of the results with those of other needles at that sta- 



• Fifth Report, p. H4. Wilh needles wWe poles are inverted in each 
observation, the Iruc iltp may be inferred frum the ebiervcd angles of inclj- 
llatiall, however conwdetably they niny deviate from it. In such needles, 
tiicreforc, the nun- coincidence of the centre uf gravity with tlie axle caimut 
properly be ranked among the sources of error. 
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don. When the district of observation is limited, tlie vari' 
atioit of this quantity may be disregarded. 

The imiiorlnnce of an exact determination of these needle- 
corrections is very great in tlie present instance. When, in- 
deed, the same needle is employed throughout an entire series 
of observations (as was done by Major Sabine in Scotland), it 
U manifest that any error in the amount of its correction will 
have the efTect only of displacing the isoclinal lines in absolute 
positioH, leaving their direction and interval unaltered. For 
the direction and interval of the lines depend solely on the de- 
ferences of dip ; and these are manifestly independent of the 
correction, which alters all the dips by the same amount. The 
case is diiFerent, however, when (as in the present instance) 
different needles requiring correction are employed in the same 
series. Here the differences of dip cannot be known, unless 
we know the differences of the corrections of the needles em- 
ployed ; and it is manifest that any error in the amount of that 
difference will displace one entire group of results relatively to 
the rest, and thus (when the mean geographical position of 
these groups is different) induce a grave error in the direction 
of the lines. 

Before we proceed to determine the amount of these errors 
in the needles employed in the Irish survey, it may be desirable 
to make a few remarks on their particular causes. 

Of the two sources of error above mentioned, the imperfec- 
tion of axh appears to be the most common; and it is to it we 
are to ascribe (as Major Sabine has already remarked*) the 
chief part of tbe discordances in the results obtained at West- 
bourne Green in 1835. The same series, however, affords like- 
wise a remarkable instance of the other error. Having pur- 
posely destroyed the balance in two of my dipping needles, so 
that they rested nearly in the horizontal position in Dublin, I 
proceeded to use them exclusively for observations of intensity. 
The results thus obtained were, however, so anomalous, that I 
was compelled to reject them altogether. After some tedious 
and vain attempts to discover the source of the anomaly, I was 
at length satisfied, by a careful inspection of the results, that the 
needles were under the influence of some other force besides 
the earth's magnetism and gravity, and I concluded that this 
disturbing force could be no other than magnetism in the dip 
circle itself. Trial soon verified this conjecture, and I had the 
mortification to find that the apparatus which I had been so 
long using was Ihr-oiigkout magnetic, and that the magnetisinf 
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was greatest in the graduated limb, tlie very part in which, from 
its proximity to the needle, it must operate most powerfully. 

I had next to consider the painful question, — How far the nu- 
merous results obtained with this instrument were vitiated by 
this newly -discovered source of error ? Whether they were 
entitled to any confidence ; and if so, what were the probable 
limits of error? It is manifest that it' the ferruginous matter 
were unifoi-mly distributed throughout the limb, it could pro- 
duce no disturbance in the position of a needle which (like the 
dipping needle) divides the limb symmetrically. It is only by 
an irregularity in its distribution that the magnetic matter of 
the limb can operate as a disturbing cause ; and then it is ma- 
nifestly only by the difference of the attractions, on the two 
sides of each pole, that the needle is actually disturbed. Hence, 
though the magnetism of the limb may produce very decided 
effects upon a test needle, in a position at right angles to its 
plane, the efTect upon a dipping needle may be comparatively 
trifling. 

In order to estimate the amount of these effects, I separated 
the divided circle from the apparatus, and placed it on a hori- 
zontal support of wood. Three strong pins in contact with the 
inner eJye of the limb, and dividing it equally, were then driven 
into the support, so as to prevent the limb from having any 
motion, except one of rotation in its own plane. A magnetic 
bar, whase length was nearly equal to the diameter of the circle, 
was then supported delicately within it, and the deviation of 
the bar from its undisturbed position was observed in the 
different positions of the limb with respect to it. It was thus 
found that most parts of the limb exerted a sensible disturbing 
effect upon the needle ; and that this effect was not only con- 
siderable in the neighbourhood of the two zero points of the limb 
(the part where the anoniaUes had been first observed}, but that 
it also varied there very rapidly. A detailed examination of 
the effects in tliis position showed that there was a disturbing 
centre of ferruginous matter in the neighbourhood of each of 
these points, and that it was to the action of these centres 
that tlie anomalies in the observations above alluded to were 
owing. 

In the neighbourhood of the divisions of 70° the disturbance 
of the needle was likewise considerable, and its direction was 
such as to diminish the apparent dip. Here, then, we have the 
cause of the large negative eri-or of the results obtained with 
this instrument. But this deflection did not vary rapidly on 
either side of these positions, so that for small changes of dip 
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the error may be regarded as nearly constant*. Defective, 
therefore, as the apparatus is in this respect, there is reason to 
conclude that the differences of dip obtained with it in Ireland 
may be rehed on within the usuallimits of probable error, and 
that to obtain the true dip from the observed results, we have 
only to apply a positive correction, which may be regarded as 
constant throughout the series. 

The instrument referred to in the preceding pages having 
been much employed in Dublin, and with very consistent re- 
sults, we shall take, as the basis of its correction, the dip in 
Dublin as deduced from the observations with Gambey's nee- 
dles. Table XXXII. In these observations, made according 
to the method of arbitrary azimuths, the bearing points of the 
axle, and the position of the needle with respect to the limb, 
are different in each azimuth ; so that the results may be re- 
garded as, virtually, the results of different instruments. 
Their accordance is sufBcient to show that the errors of axle 
and of hmb are inconsiderable. For the convenience of refe- 
rence, the observations are put together in the following Table ; 
the dips being reduced to the 1st of January, 1838. 

Table XXXIV. 



!I«dl.. 


Aztautt, 


Div. 


N«dle, 


A,in,uU,. 


Dip. 


oT 


0& °90 


fo 54-2 


is 


„ 


0& SO 


7°i a-3 


i,t 


10 & lOV 


70 54'0 


S^ i 




.10 & 120 


70 5J-5 


li* 


20 & IID 


70 57-4 


i 




60 & 150 


70 57-4 


30 & 130 


70 57'4 




0& BO 


71 06 


zffe 


10 & 130 


?0 fiC'S 




15 & 105 


71 0-1 


CJI 


SO & 140 


70 567 




30 & 120 


71 M 


|l 


60 & 150 


70 57-4 


ji.BO 


q' 


45 & 135 


70 55-3 


70 & 100 


70 56-8 


g = 


60 & 150 


71 4-3 




80 & 170 


70 54-0 


6^ 


75 & 165 


71 1-7 



The mean of these results is 70° 57''9. If we combine with 
this the mean result obtained by Captain Ross at the same 
place, as deduced from six observations with four needles, and 
reduced to the same epoch, (namely, 7\° l''7,) we have, for 
the mean dip in Dublin, on the 1st of January, 1838, 
70" 58'-8. 



* A compiiriaon of tbe results with those of ulher inatrumentB aeeins to [loliit 
In the conclusion tlmt this error diminiahea nitli the dip, and is somewhat less 
in England than in Ireland. 
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To compare with this, we have the following observations 
with the needles L. 1, L. 3, L. 4, in DubUn. 



Table XXXV. 



Needle. 


No. 


Date. 


Observed Dip. 


Reduced Dip. 


Mean Dip. 


L 1 


1 


Oct. 21, 1833 


fb 56-4 


fo 46-4 1 
70 45-8 I 


O / 




6 


Aug. 25, 1834 


70 53-8 


70 46-8 




6 


Sept. 9, 1835 


70 53-5 


70 47-9 




L3 


4 
2 


Apr. 25, 1836 
Aug. 5, 1836 


70 57-7 
70 56-5 


70 53-7 1 
70 531 ' 


70 53-5 


L4 


4 


Oct. 2, 1834 


70 53-7 


70 45-9 "^ 




— 


7 


Sept. 6, 1835 


70 50-7 


70 451 




— . 


3 


Nov. 5, 1835 


70 49-8 


70 44-6 y 


70 45-4 


— . 


4 


Apr. 25, 1836 


70 50-6 


70 46-6 




— ' 


2 


Aug. 5, 1836 


70 47-2 


70 43-8 J 





Hence we obtain the following corrections : 



Needle L. 1, correction 
L. 3 

L. 4 



99 



9> 



+ ISI'O 
+ 13H 



In L. 3 and L. 4, needles whose poles are unchanged^ the 
errors here deduced are, of course, those which result from 
the moment of the needles' weight, combined with that arising 
from the disturbing action of the limb. 

The weights due to these corrections are at once deduced 
from the principles of the preceding pages. When the results 
of one needle, at a given station, are compared with those of 
others, and that we seek their difference, it is manifest that 
jp = 1, gr = 1, (14), and that, consequently, 

E« = El* + Eg* ; 

El denoting the probable error of the mean result of the 
given needle, and Eg that of those with which it is compared. 
When we look no further than the actual difference of the re- 
sults at the one station, it is manifest that 



n^ 



nc 



€i and 63 denoting the probable errors of a single observation, 
in the needles compared, and ^ij and n^ the number of obser- 
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vations. Hence, if e^ = €3, that is, if the reading power be 
the same in the two cases, and the same pains be bestowed on 
the observations. 



n Til ^3 



€* 



n denoting the value of the ratio =^, or the equivalent num- 
ber of observations of the difference sought, supposing it to be 
the immediate subject of observation. 

But when we desire to compare the result of the uncor- 
rected needle with the actual dip, we must also take into ac- 
count the probable instrumental error of the results with 
which it has been compared ; and we have (16) 

E« = -'+-'. 
And in place of equation (18), we have the following: 

I=l+i + ^i. (19) 

n Wj Wg e^ n^ ' 

To apply this, we shall assume, as before, the instrumental 
error to be equal to the error of observation, the latter inclu- 
ding the error of epoch ; and we obtain 

Needle L. 1, n^ = 13, w = 6*1, 

— L. 3, 6, 3-9, 

— L. 4, 20, 7-3. 

We shall adopt the nearest whole numbers, 6, 4, 7. 

The correction of needle S. 2 has been determined with 
great care by Major Sabine *, by a comparison, at various sta- 
tions, of its results with those of the needles M and G. 2, 
needles which may be regarded as almost free from all instru- 
mental error. The amount of this correction is — 9'*6 ; and 
its weight 16. This amount is almost identical with that pre- 
viously employed in the calculation of the Irish- observations. 

The other needle employed by Major Sabine in Ireland, S. 1, 
is constructed on a plan suggested by Mr. DoUond. The 
middle of the needle has the form of a cube, and is perforated 
so as to receive the axle in different directions, the intention 
being, that the position of the axle should be varied in the 

♦ Table XIX. 
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course of every observation. From some defect of workman- 
ship, however, the balance of the needle was much deranged 
in some positions of the axle ; and it was accordingly employed 
by Major Sabine as an ordinary dipping needle, the axle being 

{)ermanently fixed in one position in which the needle was to- 
erably balanced. This was the case during the observations 
made with it in August, September, and October, ISM (Fifth 
Report, p. 139) ; the axle being undisturbed during the whole 
of the series. In 1835, when Captain Ross used this needle 
at Westbourne Green, the axle had been repolished, and was, 
moreover, fixed by the artist in a diflferent position from that 
which it had occupied during the observations of the preceding 
year. So far, therefore, as axle error is concerned, the needle 
must, then and thenceforwai'd, be regarded as a different nee- 
dle. 

In order to deduce the amount of the axle error, previously 
to the alteration just alluded to, we may compare the result 
obtained with this needle at Limerick, in August 1834, with 
the mean dip of the place as given by other needles. The dif- 
ference (4/'2) is probably not greater than the probable eiTor 
of observation, which, owing to the imperfect polish of the 
axle, was in this needle considerable. Under these circum- 
stances, we are not justified in assigning to it any correction. 

The needles employed by Mr. Fox appear to give results 
extremely consistent with one another, and with those of other 
needles. In their case, therefore, no correction is required. 

We are now prepared to exhibit in one view the mean* 
values of the dip, as deduced from these various needles. The 
following table contains the results of observations arranged 
chronologically, and corrected as has been above explained. 

* Where the jieedles L. 1 aud L, 4 have boen employed togetlier, double 
weiglit has been allowed to the resiilta of the farmer in taking the mean, in 
accordance with the conclusion of page 98. 
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Table XXXVI. 



Corrected Dip. 



station. 



Dublin 

Limerick 

Limerick , 

DubUn 

Limerick , 

Glengarifi* 

Killarney 

TuUa 

Carlingford 

Armagh 

Colerain ........ 

Cam < 

Strabane 

Enniskillen 

Fermoy 

Limerick 

Dublin 

Galway 

Gallhorick , 

Clifden 

Westport 

Puntoon 

Ballina 

Giants Causeway 

Cushendall 

Markree , 

Ballina 

Belmullet , 

Achill 

Galway 



Date. 



Oct. 21, 18dd 
Nov. 1833 

July. 1834 

Aug. Sept. 
Sept. Oct. 
Aug. 1, 16 
Sept. 27, 28 
Oct. 4 

— 12 

— 13 

— 13 

— 14,15 

— 14,15 

— 20 

— 20 

— 21 

— 21 

— 23 
23 

Oct. 24 1834 

Dec. 2 

July. 1835 

Aug. 17 

— 19 

— 19 

— 22 

— 24 

— 25 

— 27 

— 28 

— 21 

— 21 

— 22 

— 22 

— 24 

— 24 

— 25 

— 25 

— 28 

— 28 



Needle. 



L.1 

M 

L.1 

L.l 

L-4 



S. 
S. 



1 
1 



S. 1 

S. 1 

L.l 

L.4 

L.1 

L.4 

L.1 

L.4 

L.1 

L.4 

L.l 

L.4 

L.l 

L.1 

S. 2 

F 

F 

F 

F 

F 

F 

F 

F 

F 

L.1 

L.4 

L.1 

L.4 

L.1 

L.4 

L.1 

L.4 

L.1 

L.4 



No. 



1 
4 
5 
6 
4 
2 
2 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
4 



Dip. 



8-4 
11-7 
11-5 



5-8 \ 
7-1 / 



3-5 
1-5 
4-5 
15-8 
28- 
34- 
43-5 
39- 
27-6 
25- 
59-8 
3- 
3-6 1 



V3\ 
['Of 

1-81 

;-o/ 



52- 
0-0 

48-3 

1 7-3 
590 

260 
410 
520 

30 

8-0 

70 
150 

00 

5- 

9- 
13-91 

5-2/ 
14-7 
10- 

6-4 

6- 



33-9 
30-8 



r61 

)-0J 

\'9\ 

r2/ 

1-71 

)-9/ 

H\ 

J-6/ 



Mean Dip. 

71 8-4 
71 11-7 
71 11-5 

71 61 



71 
71 
71 



3-5 
1-5 
4-5 



71 15-8 
71 30-2 

71 42-2 

71 26-9 

72 0-9 

72 00 

72 00 

70 48-3 

71 7-3 

70 590 

71 260 
71 410 

71 520 

72 30 
72 80 

72 70 

73 150 
72 00 

72 6-3 
72 110 
72 13-4 
72 6-5 
71 32-9 
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Stetion. 




Bangor 
Dublin 



Date. 



Aug. 28 

— 28 

— 29 

— 29 

— 31 

— 31 
Sept. 1 

— 1 

— 2 

— 2 

— 3 

— 3 

— 3 

— 3 
Sept. 4 — 15 
Aug, Sept. 
Nov. 5, 6 

— 8 

— 12 

— 18 
Dec. 10 

— 26, 27 

— 29 

Feb. 1836 

May 

May 

May, June 

April, May 

April, May 

July 22, 23 

Aug. 5, 6 

Aug. 5, 6 

Sept.21 

Oct. 4 

Aug. 3— 7, 1838 

Sept. 25, 26 

Sept. 27— Oct. 2 



Needle. 



L.l 

L.4 

L.1 

L.4 

L.1 

L.4 

L.l 

L.4 

L.l 

L.4 

L.1 

L.4 

L.1 

L.4 

L.1 

L.4 

L.4 

S. 2 

S. 2 

S. 2 

S. 2 

S. 2 

S. 2 

S. 2 

S. 2 

S. 1 

M 

L.3 

L.4 

S. 2 

L.3 

L.4 

S. 2 

S. 2 

G.2 

D.l 

D.2 



No. 



1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

6 

7 

3 

1 

1 

1 

1 

3 

2 

1 

2 

1 

2 

4 

4 

3 

2 

2 

1 

1 

9 

3 

6 



Dip. 



71 
71 
71 
71 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
71 
71 
71 
71 
71 
71 
71 
71 
70 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
70 
70 
70 



13-51 
12-5/ 
3-91 
0-9 / 
41-3i 
46-6/ 
49-61 
52-2/ 




Mean Dip. 



1 13-2 
1 2-9 
43-1 
50-5 
35-9 
55-8 

53-5 

1 5-0 

1 3-2 
1 19-5 
1 5-4 
1 81 
1 26-9 
1 5-0 

39-4 

1 3-8 

1 1-1 



3-5 
3-5 
1 1-2 



1 39-1 
1 3-1 
54-6 

79 57-9 
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The following table contains the final mean dip at each sta- 
tion, reduced to a common epoch, (the 1st January, 1837,) ; and 
the latitudes and longitudes of the stations : 

Table XXXVII. 



st.«... 


J±. 


Umg. 


Kp. 


a.ii™. 


Lai. 


I.3ng. 


Dip. 


c....... 


5% 15 


e-s'i 


7-3 U^S 


Coleraiii .. 


5°5 8 


6%J. 


fl 21-6 


Belmuliet 


5i 13 


9 57 


72 10-2 


Tullo 


52 52 


8 43 


71 17-5 


Ballma ... 


54 7 


9 7 


72 5-8 


Ballybunao 


52 30 


9 41 


71 168 


Pun toon ... 


53 68 


9 10 


73 1-8 


Ennk 


53 51 


8 68 


71 10-0 


Markree ... 


54 13 


8 20 


72 31 


Dingle 


52 8 


10 17 


71 54 


AehUI 


53 56 


9 52 


72 3-3 


ValcQtia .. 


fil 56 


10 17 


71 37 


Westporl... 


53 48 


9 29 


71 60-8 




62 40 


8 35 






56 4 


6 5 


71 5S-S 


Dublin '.'.' 


53 31 


6 1« 


71 1-2 


Cnrn 


55 16 


7 16 


71 65-6 




52 3 


9 31 


70 59-1 


EDDiRkillen 


64 21 


7 38 


71 64-8 


GlengarifT 


51 45 


9 31 


70 56'I 


Slmbttna ... 


64 4B 


7 28 


71 64-8 


Gorey 


62 40 


6 17 


70 52-6 


amttt ... 


53 29 


9 69 


71 48-8 


Rathdruro 


52 65 


6 14 


70 60'3 


Bangor ... 


54 39 


6 43 


71 39-5 


Walerfoid 


52 16 


7 8 


70 47'3 


Gallhorich. 


53 25 


9 S 


71 37-8 


Fermoy ... 


52 7 


fl IG 


70 43-3 


Amiagb ... 


54 21 


6 39 


71 36-9 


Cork 


51 54 


a 2G 


70 30-9 


GalwBV ... 


63 17 


9 4 


71 36-3 


Youghal ... 


51 57 


7 50 


70 37-0 


Carlingford 


64 2 


6 11 


71 250 


Broadway . 


62 13 


B 24 


70 337 



Of the foregoing results, those obtained at the Giants' Cause- 
way and at Colerain are manifestly affected, to a very consider- 
able extent, by the disturbing action of the basaltic rocks. The 
effect of the basaltic pillars of the Causeway upon the magnetic 
needle has been long since observed ; and on comparing the dip 
recorded in the preceding table, with that due to the geogra- 
phical position of the station, we find it in excess to the amount 
of 5(¥. At Coleram, on the other hand, the effect of the 
disturbing action has been to diminish the dip, but in a less 
amount. The cause of these irregularities being apparent, we 
have no hesitation in rejecting the results, in the computation 
of the the isoclinal lines. 

Before we proceed to this computation, we must estimate the 
weights of the observed results ; and for this purpose it is ne- 
cessary to know the amount of the probable error of station. 
This is obtained by computing (with assumed approximate 
values of L,M,N,} the probable dip at each station, due to its 
geographical position, and comparing it with that observed. 
The sum of the squares of the differences of the computed and 
observed results, substituted in (12), will give the total mean 
probable error ; from which (the errors of observation and of 
instrument being already known) the local error is deduced 
by means of the equation (17). 
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Now assuming the approximate values 

L = 71°29'-5, M = +-30, N = +-51 ; 
the probable dip at each station will be given by the formula 

s = 7r2ii'-5 +-30 :c +-51^; 
and the computation gives foi- the sum of the squares of the 
differences of the computed and observed results, at the 32 
stations, 

2 (*■-«)'= 1192-09; 
from which we find (12) 

E«= 17-48, E = 4*2, 
E denoting the total probable error at any one station. But if 
E_^ and K. denote the mean probable errors of observation and 
of instrument at each station, and E^ the probable local error, 

E« = E« + E? + Ef. 
For the observations of this series, E^= E^. = 2'0* ; wherefore 
E^=3'-I. 
To deduce the weight of the result of n observations, with «j 
instruments, at any station, we substitute the values thus ob- 
tained in (17), and we obtain 

i = *(i + l) + o. 

^Vhen the local error, therefore, bears so great a proportion to 
the errors of observation and of instrument, as it does in the pre- 
sent instance, it is manifestly waste of labour (as far as regards 
the determination of the position of the isoclinal lines) to mul- 
tiply observations at any one station. In the case under con- 
sideration, the weight due to the result at any station (however 
the observations be multiplied, and whatever the number of in- 
struments employed) can never amount to double the weight of 
a single observation. 

Substituting the values of n^ and n. in the preceding formula, 
we find the weight of the mean dip, in Dublin and Limerick, 
equal to I '8, the weight of a single observation being unity : in 
no other case throughout this series does the weight amount 
to more than 1'3. Taking the nearest whole numbers for the 
value of this ratio, we shall assign a weight of 2 to Dublin and 

» Throughout a conBiderable portion of the aeries, two needlca, T,. 1 and L. 4, 
were uaed logetiicr. Tlie iirobablu error of obsrrvalion of the mcBn \a aeHrly 
2'; the instrumental error ia little leas than that of B single needle, being, ITI thia 
case, due chiefly to the mngiieliam of the limb. 



1 


^"* w 
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to Limerick, the weight of each of the other stations being unity. H 




The results of the calculation are the following: H 




L = 71° SS*-?*, M = + vSOO, N = + -50.5. ■ 




«= -51)" 16', r=-587. ■ 




Acconlingly, the <lii) at the central station (latitude = 53° 21', H 




longitude = 8" ff) ia 71° S2'-7 ; the epoch being the IstJa- B 




niiary, 1837. 

Captain I 




■ 


oss's Observations of Dij 


in Ireland. ■ 




These observations were made at 1 2 stations, with the needles H 




already designated as 11. 4, R. 5, R. 6, R. 7. They are con- ■ 




tained in the following table. H 




Table XXXVIII. 1 


^^. 


D«e, 


„.„ 


1 




Ob^M 


Mua Dip. 


PUicaf ^1 


^^^ 




Ifl38. 






. 7'b i3-4 






1 




Wiilorrord.... 


Oct. 4 


1-0 r.«. 


R 6 






■ 












(3 70 50-4 


h 4^-9 


1 ., , 


■ 


^^1 






3-15 P.M. 


R 4 


. 70 44-3 
70 4S-I 


70 44-7 


L fo 4&-8 


In *n O'chird, H 

) mile mBg. S. ■ 




Cork 


— 6 


1-45 r.M 


B6 


■ 70 36-6 
a 70 13 


70 39-3 




of the Church. 


^^^B 




^H 






3-2(1 !■.« 


R 4 


> 70 34-5 
fl 70 38-3 


70 3Q-4 






I 




- 7 


215 F.M 

3-30 i-.M 


R 7 
RS 


. 70 41-7 
fl 70 41-7 
> 71) 36-6 
S 7Ct 43-4 


70 41-7 
70 40 


70 394 


Ii. Mr. Jonw'. 
nursery ground?. 




Va1cnt!<i lo- 


— 13 


2'30[-.u 


R 6 


< 70 50-3 








1 


Und. 


— 13 


1-0 F.M 

2-30 [■.« 


R 4 
R 5 


f. n 54-4 
« 70 .-il-fl 
70 521 
-70 50-2 
fl 70 53-8 


70 53-3 
70 51-8 
70 51-U 


•70 62 


Near (he N. W. 

point of the 

l>I.Dd. 




KilUrney 


— 17 


l-30r.M 


R ( 


- 70 49-3 

& 70 GS-9 


70 62-fi 


Uo 511 








— 19 


I1-30*.M 


R 4 


- 70 49-fl 
















e 70 49-f 


70 49-fl 










3 r.u 


R 5 


■ 70 50-2 




J 


orMucrusa.nemr 












& 70 53-6 


70 51-9 


llie Ahbey, the 


■ 


Limerick 


— as 


2-30 p.M 

4-0 r.M 


R 6 
R 4 


■ 70 S8-S 
fi 71 1-H 
- 70 58-4 
3 70 58-4 


71 

70 584 




Arthurllerben, 
Esq. 


■ 




— 23 


1-0 p.« 

a-45p.« 


H 5 

R 1 


« 71 I 

(! 70 59- 
- 70 .19-7 
3 70 59-6 


71 0-J 
70 59-6 


70 59-B 


In the gurden of 
Somcryille, the 

Hcrvey, Esq. 




Sbanooo liar 


— 38 


n-2o*.M 


R 6 


- 71 19 










bour. 








3 71 25-4 


71 323 


1 










m r.» 


R4 


■ 71 35-5 




\ 71 33'2 


In the garden of 


^^^1 






1 


J3 71 227 


71 341 


J 


Faulkner's Ion. 


1 


^^^ 



1 
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^. 


D.te- 


„„.. 


1 


PdIm. 


Ob>eIv<^d 
Dip. 


MauiDlr. 


PlKCOf 






1838. 
















DuUin 


Oct. as 


10 P.H 


R G 


. fo 58-2 




















J3 71 4-2 


fl 1-a 














2-0 P.« 


R 7 


> 70 59-4 


















S n 1-4 


71 0-4 














2-45p.mJr4 


* 70 59'8 




















B 71 0-2 


71 














i^a p.M 


R 6 


* 70 56-6 
fl 71 0-8 


70 58-7 


70 Sil- 


Near the Mug 
iictic Olwerv. 








- 30 


Noon 
1-30 P.M. 


R S 

R 4 


> 70 57 
71 1-3 
- 70 67-8 
e 71 0-6 


70 591 
70 59-2 




torj in the Gar 
dens of Trinity 

College. 






Armagb 


Nov. 2 


11-0 A.M. 

O'SOf.m. 
2-20 P.M. 


R 6 
R 4 
R 5 


. 71 38-4 
(3 n 43-4 
a 71 3a7 
71 40-3 
> 71 41-1 
3 71 41 


71 404 
71 40 

71 41-1 


. 71 40-5 


North" o^\he 
ObKCVatory. 






Loidooderry. 


— 5 


1-30 P.M. 
4-0 P.M. 


R 4 

R 6 


« 72 4-7 
3 72 0-S 
> 72 2-6 


72 2-6 


















e 72 3-7 


72 3-3 


-72 2-3 III an orchard 








— 6 


2-30P.H. 


R 5 


■ 73 1-7 

fl 72 0-7 


72 1-2 




S.W. Ly S. true 
I i a ml\e from 






Sligo. 


— 10 


0-40 P.M. 


R e 


» 73 

(3 J2 0'6 






the Calhedml. 












73 0^ 












3-30 P.H. 


R4 


- 72 2'a 

71 58-2 


73 0-2 


.72 0-3 


^v^re" E«i., 






Westport 


— U 


1-30 P.M. 


R6 


. 71 S7-8 


















fl 71 58-8 


71 58-3 














310P.H. 


R i 


» 72 10 

fl 71 S8-4 


71 59-7 


71 59 


In the garden of 
the Hotel. 






idgeworths- 


— 19 


MSf.u. 


R6 


» 71 27-6 












town. 








H 71 32-6 


71 301 














3-ISp.u. 


R4 


- 71 29-2 




. 71 29-8 


[n the garden of 
Ih* reside ace of 














fl 71 29^ 


71 29-6 
















1 




tl.e Edge-orth 
























The next table contains the latitudes and longitudes of 


, 


Captain Roeb'b Irish stations, and the mean dip at each station. ^H 


The observations were made in such quick succession that the ^H 


reduction to a mean epoch is unnecessary. ^H 




Table XXXIX. 


■ 




St..ln«. 


Lit 


Long. ; Dip. 


SUtLon. 1 L-..| 


Ung. 


Dip. 


1 


MarVr™ 


5^ '0 
S4 12 

53 48 

54 31 
B3 42 


^ ^ 73 l>2-3 
e 2fi 73 00-2 
9 29; 71 59 

6 39 71 405 

7 33. 71 29-8 


Dublin 

Llmerirl' 


..U 21 

..52 10 


hi6 
S 35 
17 
9 31 

7 08 


70 .'l9<8 
70S9« 
70 52 
70 5M 
70 45-8 


Anni^, 


Valenl 

Killam 
W.lerf 




..51 56 
..53 03 


Edgeworth'B.town 


^::::::: 


..52 16 






53 14 


7 52 71 23-2 


Cork. 


.. 51 54 


S 28 


70 39-4 


M 










h 




i 


■ 
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E PORT— 1939. 



The foregoing observations having been made with different 
needles in the same circle, it becomes necessarv, in estimating 
the probable error, to separate those due to the limb from those 
which arise from irregularities in the axle. From the mode in 
which the observations were taken, — namely (in all but one in- 
stance) a single observation with each needle, — the aarle error 
and the error of observation are combined ; and the beautiful 
accordance of the partial observations shows that their com- 
bined result is inconsiderable. There seems reason, however, 
for believing that the circle itself ia not free from error. The 
mean result obtained with these needles, in this circle, at West- 
bourne Green, is 2''0 less than the mean of the other needles 
employed at the same place {see Table III.) ; while on the other 
hand, they give a result 3'-8 in excess of the mean dip, as shown 
by Gambey's needles in Dublin, — the latter being observed by 
the method of arbitrary azimuths. 

Now the total probable error at each station, in this series, 
(as deduced from a comparison of the computed and observed 
residts) is found to be 4'''0, — a result scarcely differing from 
that of the former series. Of this, the part which is reduced 
by repetition is (as has been already stated) exceedingly small ; 
and, consequently, the remainder (the combined result of the 
station and circle errors) is considerable. Under these cir- 
cumstances, it will be readily seen, no disproportion in the 
number of observations can materially alter the weights ; and 
as, in addition to this, the observations have been distributed 
with some attention to uniformity, it is manifest that we must 
regard the weights of all the stations as equal. 

The results of calculation are 

L = 71° 22'-(), M = +-270, N = + -550 
« = -63° 4Q', r=-6l3. 

Hence the dip at the central station, on the 1st November, 
1838, was 71" 3S'-0, the central station being the same as 
before; consequently, the probable dip at that station, on the 
1st January, 1837, was 71° g6'-4. 

Finally, if we combine these results with those of the former 
series, allowing weights in proportion to the number of stations, 
we find 



L = 7l°23'-7, M : 
u = -60° 



30, 



193, N = 
'=•594; 



517 



L denoting the mean dip at the central station, on the 1st 
January, 1837. 
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Report resumed by Major Sabine^ 

To the observations in Ireland I have to add a very careful 
determination of the dip at Lissadel in the county of Sligo, 
the seat of Sir Robert Gore Booth, Bart., made at my request 
with Captain Fitz Roy's Gambey by Archibald Smith, Esq., of 
Jordan Hill. 

Table XL* 











o 


Poles. 






Lat. 


Long. 


Date. 


Hour. 


^ 


• direct, 
& reversed. 


Mean. 


Mean Dip. 


O / 

54 23 


%^ 


1838. 
Sept. 19 


Noon 


2 


a f\ 57-5 
/5 71 57-6 


O / 

71 57-6 


o / 






— 22 


2 P.M. 


2 


« 71 54-4 
/3 71 55-3 


71 55 








— 24 


9^ A.M. 


2 


a 71 54-5 
/} 71 56 


71 55-2 


-71 56 






— 25 


9^ A.M. 


2 


• 71 54-5 
/3 71 57-8 


71 56-2 


■/ 



Collecting in one view the values of u and r obtained from the 
observations in Ireland, we have as follows : — 



Table XLI. 



Observer. 


No. 
Stations. 


Cent. Geog. Posit. 


Values of 


Lat. 


Long. 


u 


r 


Lloyd, Fox, and Sabine 
R,oss 


34 
12 


53 21 
53 21 


O / 

8 
8 


—59 16 
63 49 


0-578 
0-613 









Regarding the values of u and r as entitled to weight, propor- 
tioned to the number of stations, of which each is the represent- 
ative, we obtain — 60° 32' and 0'-594 as the mean values derived 
from the Irish series, and corresponding to the mean geogra- 
phical position, 53° 21' N, and 8*> 00' W. 
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Collecting ill one view the values of u and r at the central 
geographical positions in Engliind, Scotland and Ireland, as 
they have been derived from the several series in each country, 
we have as follows : 

England, Lat.52°38'. Long.2°07'; k=— 65^05'; r=0-575' 
Scotland, — 56° 49'. — 3° 39' ; m=— 56°06'; r=0-549' , 
Ireland, — 53° 21'. — 8° 00* ; «=— 60°32'; r=0-594' 

Whence it appears that the isoclinal lines do not intersect the 
geographical meridian at the same angle in the three countries ; 
that they form a greater angle with the meridians in England 
than in either of the other two countries ; and that the angle 
is aliio greater in Ireland than in Scotland. 

It also appears that the distance between the lines ia greatest 
in Scotland, less in England, and least in Ireland ; the number 
of geographical miles, measured on the perpendicular, corres- 
ponduig to differences of a degree of dip, — being 

109-2 in Scotlaiid; 
104-4 in England; 
101-0 in Ireland. 

It follows, from the different values of r, that the assumption, 
upon which we have hitherto proceeded in these combinations, 
of parallelism of the lines and their equidistance apart, does not 
hold good when applied to an area of the extent of the British 
islands, and not strictly so for any of its three portions; and 
that it ip desirable to find a method of more exactly represents 
ing the observations, by tracing each isoclinal line separately 
from observations nearly of its own value, and consequently but 
little removed from it in geographical distance. If we have 
the approximate values of u and r at any station where the dip 
lias been observed, we may readily compute the latitude and 
longitude of a point furnished by that observation for the po- 
sition of the next adjacent isoclinal line. If the isoclinal lines 
sought are those of complete degrees {i.e. the lines of 69° 00*, 
70° 00", 7I°00', &c.), and if the observation be also without 
fractional minutes — say, for example, 69° 00' — the point fur- 
nished by that observation for the line of 69° 00* is at the 
station itself. If the observation exceeds or falls short of 
69° 00' hy a few minutes, the point furnished by it for the 
isoclinal line must be distant from the station a geographical 
space, equivalent to the value in distance of the fractional mi- 
nutes, ab computed by the value of r, and in the direction of 
u 4 90°. Thus, if D be the degree of dip represented by the iso- 



MAGNETIC S17BVE7 OF GR 



121 



cliiiiil line, B the dip obeerved at a station, of which the latitude 
IE X, then h (D— 8) ^^^Jf the difference of latitude, and (D— 8) 

sec \ the difference of longitude, between the station and 

the point which it furnishes for the isoclinal line. 

We have the values of n and r at tlie central geographical po- 
sitiona in England, Ireland, and Scotland, as derived from obser- 
vation. If, for a general central station in the British Islands, 
we take the mean of the central stations in the three countries, 
viz. lat. 54° Ifi' N., long. 4° 35' W., we may dedut^e the values 
of w and r for that station from equations of the form 

u^ = tt + a,s + b,y 



where u, is the angle and r, the rate of increase at one of the 
three central geographical positions ; a^ and b, co-ordinates of 
distance in longitude and latitude from the general central sta- 
tion, expressed in geographical miles ; and x and y coefficients 
of the change in the values of u and r in each geographical mile, 
y in the direction of the meridian, and x in that of the perpen- 
dicular thereto. The mean results in tlie three countries will 
then furnish respectively the three following equations for the 
value of u ; 

England, 3905' = m — 89 jr — 98 y ; 

Scotland, 3366' = u- 34 a: -|- 153 5^ ; 

Ireland, 3632' = h + 123.r — 55 j/j 

The number of stations from which the mean results were o 
tained was. 



In 

In Scotland, 46 

In Ireland, " 



or nearly in 
proportion 



s^{i 



III combining these equations therefore by the method of 
least squares, to obtain the most probable values of u, x, andy, 
we may give the weight of 3 to the English result, and that of 
unity to each of the two others. 

Pursuing the usual process, we derive w = — 60° 42' ; x = 
-t-0'6'; y = -l-2'O: and we may compute the approximate value 
of » at any geographical position in the British Islands, by the 
formula 



^ = — 60° 42' 



- 0-G a 
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the origin of the coordinates, a and b being the general central 
station in 4° 35' W. longitude, and 54° 16' N. latitude. 

Proceeding in the same manner for r, we have the 3 equations : 

England, + Q^5^5 = r — %ii x — 98 j/ ; 

Scotland, + 0-549 = r — 34a' + 153_y; 

Ireland, + 0-594 = r + 123 :p — 55 y. 

Giving the English result the weight of 3, and ea«h of the 
others that of unity, and deducing by the method of least squares 
the most probable values of r, a:, andy, we obtain a^= +"00007; 
y = —-00013 ; and r = 0-571. at the central general station 
in lat. 54° 16' and long. 4° 35' W. 

Whence the approximate value of r is found at any other geo- 
graphical position in the British Inlands by the formula 

r = 4-0-571 + -00007 a —-00013 A; 

the longitude and latitude of the general central station being the 
origin of the coordinates a and b. 

The points furnished by the several observations for the near- 
est adjacent isoclinal line, computed in the manner above de- 
scribed, are inserted in the general table which closes this divi- 
sion of the report. The table is in two parts ; the one con- 
taining the observations, the other the deductions. In the first 
part are shown the observed dip, the latitude and longitude of the 
station, the date, the observer, and a reference to the particular 
table in which all the details connected with the observations 
may be examined. In the division which contains the deduc- 
tions, are shown the dip reduced to the mean epoch of the 1st 
January, 183? ; the differences of latitude and longitude between 
the station and the point furnished by it for the nearest isoclinal 
line ; the latitude and longitude of the points, and the values of 
u and r, employed in their deduction. 

By the method thus described, the transfer of the observation 
to the isoclinal line involves no other material inaccuracy than 
such as may be occasioned by incorrectness in the employed 
values of u and r. We may, therefore, examine the probable 
limit of the inaccuracy which may be thus incurred ; — 30 mi- 
nutes of dip is the extreme fractional amount in any case for 
which a deduction is required : if we suppose an error in the 
assumed value of r equal to 0-01, which is nearly a fourth of 
the extreme difference found for England, Ireland and Scot- 
land, — the corresponding error in the geographical distance of 
the point from the station will be less than one mile. An error 
of 1° iu the value of u, in the same extreme case of a fractional 
amount of 30' of dip, would cause an error in the position as- 
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signed to the point of less than one mile in latitude, and half a 
mile in longitude. We may hence eetimate the probable limits 
of inaccuracy in the extreme cases alluded to. It is obvious that 
when tlie fractional minutes in the observation are less than 
thirty, these limits are proportionally reduced ; and it is further 
plain that errors thus occasioned will be of a contrary nature to 
each other, according as the fractional minutes are in excess or 
in defectof the degree which the line represents. When, there- 
fore, the observations are numerous, and fall on both sides of 
the lines, as is the case in this survey, a mutual compensation is 
afforded, and whatever small inaccuracies there may be in the 
values of M and r, their ultimate effect on the lines may be re- 
garded as wholly insensible. 

If the observations at each station were free from instru- 
mental defect and local influence, — and if they were continued 
sufficiently long at each station to furnish its mean dip inde- 
pendent of diurnal and irregular fluctuations, — the points com- 
puted from them and transferred to a map would require merely 
to be connected in order to form the isoclinal line. As might 
be expected, however, the resulta of the observations are far 
from presenting this perfect accordance, especially in Scotland, 
where the prevalence of igneous rocks produces much disturb- 
ing action. An examination of the map, however, in which the 
points, and the stations they are derived from, are inserted, will 
show that, notwithstanding the disturbing causes referred to, 
they do arrange themselves in such manner as to leave very 
little uncertainty in any quarter in tracing the position and 
direction of each isoclinal line. Each line thus becomes an 
independent determination, derived from observations which be- 
long to itself alone, and uninfluenced by those which differ more 
than thirty minutes from the degree which the line represents*. 

By this method of combination, any departure from system- 
atic arrangement which might exist in any one of the lines 
passing across the British Islands, would become manifest at 
once to the eye. Individual stations there are, particularly in 
Scotland and the north of Ireland, which throw their points to 
some distance from their respective lines. In some very few 
cases, a group of neighbouring stations appears to be similarly 
affected. The most prominent instance of tlus is in North Wales, 
where there appears a decided disposition of the majority of the 

■ Tliia has been Etriclly adhered to in (he table everywhere ; and in the map 
everywhere over the surface of llie land. The lines are extended in the map a 
sltort distance beyond the InJid ; and as the observatiana irhich justify this ex- 
tension are few in comoariaon with those in other parts of the map, the determi- 
nations which full nearly midway between two lines have, iu these few cases, 
been given a beoriug on the lines on either side of thcin. 
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poiiitii to fill! to the south of the line of 71°, contrasted with and 
counterbalanced by an opposite tendency of the points furnisbed 
for the same line on the east of Ireland*. A more extensive 
research is necessary to determine whether, by multiplying the 
number of stations in these localities, this apparent irregularity 
would disappear, or whether the observations referred to truly 
represent what may be termed a district anomaly. Whilst, 
however, on minute examination the eye may rest on single 
stations, or on groups, which present examples of the slight 
irregularities here referred to, it cannot fail, on the general 
aspect of the map, to be struck by the absence of any important 
unsymmetrical inflections, and by the obvious general systematic 
arrangement of the terrestrial magnetism indicated by the lines. 
Here, as elsewhere, they present the features of the general 
magnetic system ; the effects of local and partial disturbance 
being indeed discernible on close examination, but not being 
found of sufScient comparative magnitude to influence the 
general representation. 

The lines of dip as they appear on the map are slightly 
curved, being convex towards the S.E. If the extreme points 
of each line were connected by an arc of a great circle, the cur- 
vature of the arc, on the projection which is here employed, 
would be in the opposite direction to that of the isoclinal lines, 
or the convexity would be towards the N.W. Their departure 
from such a strmght line on the surface of the globe (or their 
difference from great circles) is greater therefore than appears 
in this projection. 

* lliis apparent dislocation of the line of 71° between England and Ireland 
was noticed by Mr. Fojt in the Report of the Royal Cornwall Polytechnic So- 
ciety for 1835. No trace of a corresponding irregularity occurs iu the conti- 
nuity of the lino 72° in crossing the Irish Channel. 
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DIVISION II.— INTENSITY. ^^^H 


The observations of the Intensity are arranged in tlirec ^H 


sections, in the same manner as those of the Dip. ^M 




Section I.— England. ^| 


§ 1. Statical Method. ^ 


Mr. Lloyds Qbservatiom. These were made with the needles 


L. 3, L. 4, (page 82), in a 4i inch circle, made by Robinson. 


Table XLII contains the detailed statement of the obser- 


vations. ^ 


Table XLII. M 


\_e is the angle which the needle makes with the horizon, the H 


southern arm being loaded with a weight. The negation sign H 


indicates that the north pole of the needle is ahove the hori- H 


zontal line. 


■ 








-"■■■ 


Needle L. 4. 


I 




SUUon. 


Date. 


; :: 














Hour. 


Thet. 


" 


Hour. 


Iter. 


9 


1 


Dublin ... 


1836. 
April 11 


h m 

18 F.1T. 


5f.5 


- 1^ 23-4 


h m 

43 f.M. 


67°a 


- f3 26'-4 






- 15 


30 


53- 


- 16 3-6 


08 


53-5 


- 13 21 








— 19 


1 


55-8 


- IB 43-5 


1 28 


56-8 


- 16 31-9 








— 21 


2 58 


58-5 


- 18 47-6 


2 37 


58-5 


- 16 5B-9 








— 23 


30 


SS'S 


-19 60 


14 


60-5 


- 16 57-6 






Shrewsbury 


— 25 


3 10 


55-2 


-17 3M 


2 45 


55'0 


- 14 56-8 






Hoijrheaa . 


— 27 


1 20 


S3- 


- 18 19-4 


40 


54'0 


- 13 55-6 






Dublin .. 


Miy 7 


1 32 


57-2 


- 15 525 


1 10 


56-5 


- 13 22-5 








— 9 


1 25 


60' 


- 15 52-5 


50 


60-5 


- 13 18-4 


1 


Dublin .. 


Aug. 5 


3 60 


61^ 


- 15 53-8 


3 28 


eii 


- 13 43-6 






— 6 


2 35 


67-8 


- 16 92 


2 10 


66-5 


- 13 34-4 






Birkenhead 


— % 


10 Oa.h. 


68'9 


- 18 14-9 


9 Oa.m. 




- 15 07 2 










10 50 


66-8 


- 18 07-5 


10 20 


67-5 


- 14 58-4 








— 9 


11 40 


672 


- 19 4-8 


II 15 


65-5 


- 16 66-8 










07 pj*. 


66-5 


- 19 2-5 


20 F.H. 




- 16 20-8 






HufTiiid.. 


- 10 


11 20*.K. 


64-5 


- 19 13-5 


10 50A.X. 


64-5 


- 16 24-5 










05 P.M. 


66-4 


-19 1V3 


11 45 


66'2 


- 16 14-9 








— 12 


10 


63-2 


- 19 140 


11 40 


61 -B 


- 18 47-8 






Salisbury.. 


— 13 


11 IOa.u. 


71-3 


- 10 58'B 


10 45 


69-5 


- 17 36-0 






Ryde 


— 15 


Noon. 


71-6 


-20 332 


11 30 


726 


- 18 34-2 








— 16 


45 f.H. 


72-2 


- 20 361 


20 e:M. 


70-0 


- 18 30-8 






Clifton 


— 29 


11 40A.H. 


63-5 


- 19 27-3 


11 15a.«. 


62-5 


- 16 44-2 










30PJ,. 


63-6 


- 19 21-9 


5p.h. 


63-0 


- 17 09-6 


1 


Hyde 


Sept. 24 


16 


G6'4 


- 20 22-6 


11 45A.U. 


65-8 


- 22 63-S 








1 10 


64-6 


-20 lG-8 


40 r.H. 


65-0 


-23 46-8 






Brighton.. 


— 87 


11 15*.M. 


01-5 


- 20 41-4 


11 40 a.m. 


61-5 


- 33 86-8 










Noan. 


61'0 


- 20 21-9 


30 F.!!. 


61-2 


- 83 11-3 






London .. 


Ocl. 4 


45 p.«. 


56-0 


- 19 43-0 


1 20 


57-0 


- 29 54-3 










I 40 


57-0 


- 19 42-4 


2 


66-4 


- 28 32-8 






Cambridge 


- 8 


20 


59-5 


-19 49-0 


40 


58-5 


-23 34-8 










) 10 


56-2 


- 19 39-0 


1 35 


55-8 


-22 291 






f-jnn 


- 10 


55 


57'8 


- 19 ie-5 


1 35 


57-5 


- 21 48-6 


1 






J 



I 



MAGNETIC SURVEY OF GRKAT BRITAIN, ld9 

Tabular view of the variations of the angle 6, for the purpose 
of ascertaining the loss of force undergone by the needles, 
and the period of the change. The angles are reduced to 
the standard temperature, 60°*. 



Table XLIII. 



suo™. 


D.,.. 


N«dlfL.3. 


Needle L. 4. 




April 

SepL 
Oct. 


11 &c 
19 (tc. 
35 
27 
7&C. 

6tS&C. 

8 

9 
10 
13 
13 

15 Ac. 
29 

24 
27 

4 

8 
10 


-16 

-18 
-17 
-16 
-IB 
-15 


21-a 

55'9 
38-8 
306 

54-7 
53'S 


-16 520 
-15 4-8 
^U 5-2 
-13 22-9 
-13 33-3 

-14 497 
-15 69-2 
-18 111 
-Id 44-3 
-17 20-8 
-18 4-6 
-16 534 




Ho^h^^ ;;;;:: 




Shrewsbury 


-17 
-18 
-19 
-19 
-19 
-20 
-19 

-20 
-20 
-19 
-19 
-19 


58' 1 
52-7 
3'6 
8-9 
40fl 
157 
19-8 

10-8 

afl-7 

49-3 

50-1 
19-9 


Cbepataw 






t 


-22 ii-O 
-23 lB-6 
-22 48-8 
-23 3S-5 
-21 521 


^fc^ 


Kn 





N'ote by Mr. Lloyd. — It appears from this table that Needle 
L. 3 sustained a loss of force in the interval of time which elapsed 
between the two observations at Shrewsbury. Now the obser- 
vations at Dublin in April and May prove that the loss sus- 
tained by the needle during the series of observations in spring 
was comparatively trifling ; while, from the results obtained at 
the same place in May and August, it appears that the mag- 
netism of the needle remained perfectly steady in the interval 
between the two series. We are consequently conducted to 
the conclusion, that the change occurred in the short interval 
between the observations at Dublin on the 5th of August and 
those at Shrewsbury on the 9th ; and we have every reason to 
believe that it was previous to the observation at Birkenhead, 
and probably due to some accident in the passage across the 
channel. The magnetism of the needle appears to have been 
steady during the remainder of the autumn series. This, we 
think, will appear from the difference of the angles at Shrewa- 

* For the mode of effecting this reduction see FiHh Repoit Drilish Associ- 
ation, page H7. 
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bury antl Loiiiloit (near the commencement and end of the s 
riea, respectively), as compared with the difference observed at \ 
the same places in spring. 

With respect to Needle L. 4, the observations at Dublin in 
April and May show that its magnetism was perfectly steady 
during the spring series. This needle, however, sustained a 
very great loss of force between the two sets of observations 
with it at Ryde ; and this loss appears to have been, in a great 
measure, a sudden one. But that the magnetism of the needle 
was not stationary during the remainder ol" the autumn series, 
will appear at once from a comparison of the obaervationB at 
Shrewsbury in April and August. As we have no satisfactory 
means of determining the amount of this loss, and of interpo- 
lating a correction, we are forced to reject all the results ob- 
tained with this needle in autumn. 

Table XLIV. 
Computed Intensity. 



Staaon. 


DmtB. 


N«dle. 


Mp. 


tonflon = l'™(K). 


London 

H»l)*«^ 

Birkeohod 

Shrewsbury 


1836. 
April 19 
-ai,22 

— 25 

— ST 

— 10 

— 13 
~ 13 

— 15, IS 

— 29 
6«pC. 24 

— 27 
October d 

— S 

— 10 


L. 3 
L. 4 
L. 3 
L. i 
L. 3 

C 3 
L. 3 
L. 3 
L. 3 
L. 3 
L. 3 
L. 3 
L. 3 
L. 3 
L. 3 
t. 3 
L. 3 


1 69 36-4 ' 
1 70 27-6 . 
1 71 08-5 . 
70 49-1 
70 27-7 
70 07-1 
69 47-9 
69 231 
69 02-6 
69 42-6 
69 OO-l 

68 49-7 

69 19-0 
69 41-5 
69 53-2 


J -0000 
J -0000 
1-0076 
1-0099 
lOUO 
10149 
10113 
1-0056 
I-0046 
1-0041 
1-0006 
0-9969 
1-0030 
0-9975 
0'99S5 
1-0000 
I-OOOI 

1-oaso 




^Cr^:;:::::; 










LoSion ::;::::: 


C^bridge 





Means. 

Shrewsbury 1-0W7 

Holyhead 1-0144 

Rycle 0-9973 

We have here eighteen results at the twelve stations, which 
beingcombined by the method of least squares, give the following 
values: a = + -000047; y = —'000067; u = — 54° W ; r = 
•00008S ; the mean geographical position being lat, 52° (/, and 
long. 1° 50* W., at which the probable value of the intensity is 
1-0048. 
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Major Sabine's Observations. — The needle S 2 with which 
these observations were made, has been ah-eady described in 
the Reports of the British Association, voh v. pages 141 — HW. 
It is 1 1 i inches long, on Professor Lloyd's statical principle, and 
is used in a circle made by Nairne and Blunt. The observa- 
tions, together with the deduced values of the intensity, are 
contained in the subjoined table, No. XLV. Each observation 
is a mean of forty readings, taken in four positions of the needle. 
The thermometer by which the temperature was registered was 
always enclosed with the needle in the dip circle. The values of 

-: — .- _ „ are reduced to a standard temperature of 60°, in the 

manner described by Mr. Lloyd hi the Transactions of the 
Royal Irish Academy for 1836; the coefficient of t — t' in the 
reduction, or the value of M a experimentally determined, is 
■000024. (See 6th Report, British Association, pp. 11, 12.) 

The observations with this needle at Tortington, in Sussex, 
in the summer of 1837, repeated in the autumn of 1837 and 
summer of 1838, and lastly in the autumn of 1838, produced 
on each occasion an almost Identical result, and aftord most 
satisfactory evidence of the unaltered state of its magnetism 

during the whole of the present series : the values of — — , - — ■,. 
" '^ sm (o — v) 

resulting from the observations at Tortington at the three 
epochs alluded to are as follows : 

May to September, 1837 . . . 0-95390 
October 1837 to July 1838 . . 095361 
October 1838 0-95375 



To obtain the value of - 



in London, to serve as 



n(6-9) ' 

the unity of the series, observations were made on three several 
occasions, and in three different localities ; najnely, in the gar- 
dens of the Little Cloisters, Westminster ; in the nursery gar- 
den in the Regent's Park ; and in the gardens of the palace at 
Kew. The results were as follows : 



Little Cloisters 
Regent's Park. 
Kew Gardens . 



0-95245 
(I-95684 
0-95179 
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1 The mean of these values, 0-95469, has therefore been taken as fl 


' the equivalent to unity, and the relative values of the intensity ^H 


at the other stations have been computed tliereby, and are in- :^| 


serted in the final column of the table. ^H 




Table XLV. 


1 






.... 


"""■ 


i 


" 


' 


„.j llnlenrity. 






Station. 




s 






.hun, ' '- 


^l-ODOD. 






1837. 






-f7 521 












JUDC 1 




5g 












LiMle Cloisters, 


— 1 
Juljr 3S 

laly 17 

— 39 
June 5 

— 5 
July 20 


4r- 


58 
70 
73 
56 
56 
65 
65 
60 


-17 56-6 
-18 07'4 
-18 00-3 
-17 38 
-17 41'4 
-17 65-6 
-17 60-2 
-17 29'5 


ia i8'5 


■95245 


0-9977 






Torlinglon 


— 20 

A.,. 5 

— 31 

— 31 
Sept. 1 


5 r.M. 

3 P.M. 
2j F.«. 

Noon. 

li P.M.' 

2i P.1I. 


69 
70 
70 

60 

eo 

67 
57 


-17 371 
-17 61-2 
-17 49-7 
-]8 03-1 
-18 046 
-17 42-1 
-17 385 


68 69-6 


■95390 


0-9992 




L 




— 19 

— 19 

— 21 




68-5 
68-5 
66-5 


-16 348 
-16 37 
-16 Ol'B 


70 34-9 


■96009 


1-0057 






Abeijitwith ,.. ■ 


— 21 

— 21 

— 21 


10 i.M. 
34F.H. 
4 P.M. 


66-5 
66 

66 


-16 OI'B 
-15 41-5 
-15 40'8 


70 35-9 


■96430 


1-0100 






Brecon 


— 22 

— 22 


5 t.M. 
fi A.M. 


54 
54 


-16 36-3 

-16 ao-3 


70 03-2 


■96041 


10060 




1 


Meithyr 


— 22 

— 33 


2 IZ'. 


62 
62 


-16 09-8 
-16 13-0 


70 04-0 


'96346 


I-008I 










— 25 




59 


-16 30-5 










L 




- 25 


5 l'^'. 


59 


-16 30'3 










k 




0«. 2 


5 P.H. 


62 


-16 139 










1 




— 2 


6 p.«. 


63 


-16 32'0 










1 




— 3 


11 A.H. 




-16 265 










' 


Dunmven Castle. 


— 3 

Not. 2 


Noon. 
5 r.«. 

4= 


65 
65 
65 

60 
60 
63 

62 
iS 

52 


-16 25-9 

-16 27-6 
-16 36-9 
-16 31-1 
-18 31-7 
-16 40-6 
-16 39-0 
-18 24-7 
-IB 29-3 


69 45-7 


■96215 


1-0078 






DoTer 


- I 


2i P.M. 
3 P.M. 


50 

50 


-18 18-8 
-18 250 


. 68 53-3 


-94948 


0-9945 












4 p.m. 


50 


-IB 21-7 














— 6 


lip.«. 50 


-IB 21-4 










L. 


^^^^J 


1 





143 ^1 




T- 


Table XL.V .—{conCinued). 








...... 


Date. 


„.,. 


1 


> 


1 


CDSB 


Landpn 




ilnl)-*) 




1837. 






-frsa 












No.. 9 


1JA.M. 


50 


^ 0^-9 










Margate 


— 9 

— 10 


,':: 


50 
48 


-17 56-6 
-18 01-6 


■95180 


0-9970 








— 10 


Noon. 


48 


-18 01-9 














— 14 


Noon. 


50 


-17 128 












London (Re- 
geofs Pork) .- 


— 14 

— 16 


1 P.M. 
3 P.M. 


50 
37 


-17 147 

-le 537 


-69 23-8 


-95684 


l^O033 






— 16 


4 P.M. 


37 


-16 52-6 














— 16 


4i P.M. 


37 


-17 00-6 














Oct. 15 


2i P.M. 


56-5 


-17 20-8 














— 15 


3 P.M. 


66-5 


-17 24-3 














— 19 


1 AM. 


58 


-17 47-3 














— 19 


■2 


58 


-17 58-1 














— 19 


5 p.u. 


54-5 


-17 51-3 














Nov. 24 


li».B. 


60 


-17 27-5 














— 24 


iP.M. 


60 


-17 33-9 














1838. 


















TortingWn 


June 18 

— IB 

— 19 

— 19 

— 19 

— 19 

— 23 

— 19 

— 19 

— 19 


3i P.K. 

9 A.M. 

i P.M. 
5 P.M. 
3 P.M. 
SiP.M. 

71a.m. 

9 A.M. 


63 
S3 

HI 
61 
68 
66 
64 
64 
71 
71 
64 
64 
72 


-17 46-2 
-17 457 
-17 48-9 
-17 48-8 
-17 397 
-17 37-5 
-17 53-9 
-17 49-6 
-18 13'9 
-18 II-8 

-17 oa-5 

-16 597 
-16 56-8 


68 54-0 


•95361 


09989 






LcwTrcnchard. 


— 19 

— 90 

— 21 

— 21 

— 24 

— 25 


7i A.M. 


72 

58'S 

58-5 

66 

58-5 

59 


-16 522 
-16 428 
-16 571 
-16 57-6 
-17 36-6 
-17 07-5 


69 190 


■95901 


1-0045 






Folmoulh 


— 23 

— 25 

— 26 

— 31 

— 31 


8 A.M. 
1 P.«. 

4 P.M. 


59 
63 

65 
65 


-17 06-6 
-17 30-8 
-17 18-8 
-14 B9-1 
-14 29 7 


.69 11-9 


■93607 


1-0015 






Dublin 


^-i 


in::;: 






• 70 54-fl 


■97200 










67 


-14 395 












— 3 


4 P.M. 


67 


-14 260 












WhitehBven 


_ IG 

— la 


10 A.M. 

11 A.M. 


56 

56 


-14 24-8 
-14 19-5 


. 71 10-a 


■97144 


I^0176 






NewcBslle - 


— 28 

— 29 


4 V.H. 

7 A.M, 


69 
53 


-15 00-8 
-14 48 


. 71 09 


■96870 


1-0147 






AlnmckCaitle. 


— 31 


4j r.H. 


62-5 


-14 399 


71 22-6 


-96987 


10159 








Sept. 2 


1 y.M. 59 


-U 34-9 


1 










— i 


— 2 

— 4 


2ir.H. 59 
10 A.H. 60 


-14 33-9 
-14 19-1 


L 71 19-6 


■97150 


1^0176 




k 


^^ 




^ 


1 
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Tablb XLV. — {continued). 





„... 


»... 


1 






™» 


InlMLiUj. 


SUtlon. 


e 


" 


* 


«=(»-() 




1838. 






-fa 541 










Sept. 8 




sU 










_. 9 


H* 




48 


-12 33-6 








Helenaburgh ..-■ 


— 9 

— 9 


5 I 


": 


48 
53 


-12 35-2 
-12 43-4 


-73 17-0 


■97870 


1-0353 




- 9 


6 r 




53 


-12 40-8 










- 11 


3if 




60 


-IS 640 








Jordan Hill 


- 13 

- 13 


li 


K. 


60 
61 
61 


-13 53'0 
-13 193 
-13 18-4 


72 14-3 


■97723 


1-0336 




Oct. 8 


11 A 




55 


- 17 33-6 










— 8 


F 




SS 


-17 361 








Worcebter Park. 


— 9 

— 9 


11 * 


«: 


57 
57 


-17 ia-8 

-17 19-3 


69 06-7 


■95534 


1-0006 




— 10 


tl A 




S4-5 


-17 333 










— 10 






54-5 


-17 31o 










— 12 


2 p 




48 


-17 32'1 








London (Kew 
Gardens) 


— 13 

— 13 


Sir 

10 A 


M. 


48 
46-5 


-17 339 

-17 18>3 


• 69 16-4 


■95479 


l^OOOl 




— 13 


11 A 




46-5 


-17 36-8 










— 17 


11 A 




61 -17 45-9 








Torlington 


— 17 

— 18 


2 T 


W 


61 -17 45'8 
54'6. -17 495 


68 53-4 


■95375 


09990 




— ]8 


3 f 


M. 


54'6:-17 45-8 









Omitting Dublin, which has been transferred to the Irish 
section, and taking a mean of the three results at Tortington 
for the intensity at tliat station, we have here twenty sta- 
tions in Britain to be combined by the method of least 
squares : whence x= + -OOOO^-S ■■. y = - -000002 ; k = — 52° , 
37'; r= -000078; and /= 1-0075, the probable value of the J 
intensity at the mean geoffraphical position, of which the lati- 
tude is 52° 36', and the longitude 2° 1 1'. 

Professor Phillips's observations. — ^These were made with J 
a needle on Mr. Lloyd's statical principle, employed in Mr^ 
PhilMps's sis-inch circle. The needle had been recently reJ 
ceived from the maker (Ilobinson), when it was first used i 
York in June IH37; and the results obtained with it o 
3rd and 5th June, compared with those on the 15th June, in^^ 
cated that its magnetism had not become steady. To obviate 
this inconvenience as far as might be possible, Mr. Phillips re- 
peatedly, during the series of his determinations, brought the 
needle back to York, and re-«xamined its magnetic state. 
We are thus furnished with observations at that station iaJ 
June, August, September, October, 1837, and in February, j 
1838, which are arranged in Table XLVL, and show the pro- 
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portion of magnetic force lost by the needle in the several In- 
tervals. It wHl be seen that the loss, on the daily average, 
progressively diminished ; and, excepting in the first interval, 
namely, between the 4th and i5th June, was not of sufficient 
amount to create much uncertainty in the results, after the ap- 
plication of a correction assigned in the usual manner, viz. a 
daily rate for each interval, obtained by dividing the whole loss 
in an interval by the number of days which it contains. In re- 
gard to the first interval, when the loss was considerable, and 
where a correction applied on the above principle can scarcely 
be supposed an exact representation of the facts, it fortunately 
happens that the six Included stations are all in Yorkshire; 
and thus, though an equable correction in this interval may 
make the values of the intensity at these stations appear more 
discrepant with each other than they otherwise would do, yet 
tlieir collective bearing on the position and direction of the 
isodynamic lines is scarcely affected. 

By experiments with this needle in different temperatures, 
Mr. PhiUipa found -000090 the coefficient (a) of (t-t') in the 
reduction for temperature; which has been employed in re- 
ducing the values In the column - jj^^g to a mean temperature 
of6{f. 

Table XLVI. 

Observations at York, collected in one view, to show the loss of 
magnetism sustained by Mr. Phillips's needle. B = 70" -iS'S. 



Dtts. 


™„ 


9 


CMS 


'sr 


^.. 


di''7,S. 


.iK^-6) 


Juna 3 & 5, 1837 .. 


6a-3 
6B-3 
67-5 

6i-0 

ens 

353 


- 1% il-9 

- 16 10-0 

- 16 46-2 
^ 17 00-0 

- 17 06-9 

- IC 53-0 


0-96632 
0-96254 
0-95837 
0-95747 
0-9566.1 
0-95530 


} " 

1 46 
25 

}"» 


■00378 
■00357 
■00130 
■00083 
■00135 


00034 

00008 
00004 
00003 
OOOOI 






2 


Feb. 19 Sc 20, 1838 ... 



Mr. Phillips's observations at twenty-four stations in England 
are comprised in Table XLVII. ; tiie values of '°\_u are re- 
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duced to a mean temperature of 60° : the two laat columns con* 
tain the relative values of the intensity, in the first column to 
York, and in the second to London. The frequent repetition 
of the ohservations at York, at different dates, renders that 
station the proper base of Mr, Phillips's series. The obser- 
vations at York and London in February and March 1838, 
furnish a direct comparison of the force at those stations, and 
by means of that comparison, a determination of its value at ^^ 
the other stations relatively to the London unity. ^^M 

Table XLVIL V 



York 

Yofk 

York 

York 

York 

Thirak , 

Osmotberley 

HombteUuieiid 

Whitby ..... 

FlambDrougl 

Scarborougb. 

SfaeSield ..... 

Birmingbun. 

Birmingham. 

StClair'a..... 

StClidr-a..... 

St. Clair's...., 

York 

ColderKtone.. 

Do"B'" 

CB!<tletQ>m „ 
PeelCB&lleIn 
FeelCastleIn 
BiikeDhend ., 

York 

Coed..... 

BOWDEH ..... 

Coniiton ...., 
Patterdsle. ... 

Penrilh. 

Carlisle. 

NewcsBtle 

York 

York 

London . . 

York. 

York 



.. .lut 



e 13 1 
June 17 « 
July " 
July 

July 19 I 
July 22 I 
July 26 ( 
Aug. 1 ' 
Aug. 121! 
Aug. 17 J 



Sept. 38 
. SepL29 
Sept. 30 



r. 28 4J r 
..Feb. 11) 9 A 
.. Feb. 20 4J p 



-15 50-1 
-16 17-3 
-15 82-3 
-15 25-2 
-le 18-7 
-18 01-3 
-U 51-3 
-15 08-7 
-15 191 
-16 22-0 
-16 29-1 
-IB 38-3 
-1« 18-0 
-17 04-6 
-16 471 
-18 527 ■ 
-19 0-1 
- 18 42-1 
-18 46'S 
-17 27-7 
-15 271 
^15 23-8 
-IS 49'0 
-IS 39-7 



_17 22-8 
_15 547 
_15 39-4 
_lfi 55-5 
_15 51-0 
_15 4B1 
_16 06'9 
_17 10-4 



70 59-2 

71 03-2 
71 04-0 
70 57-8 



I 70 4 



- 19 22-3 
-16 54-8 
-16 552 



0'9971 
1-0000 



1 70 07-2 



|71 S 



■90583 
-9e(i06 
■96533 
-95988 
-96111 
-96220 
-95897 

•94786 

■SS897 

■95668 
-96610 

-96564 
-96454 



-94346 

■95530 



1-0002 
1-0008 
1-0009 



1-0000 
0-9985 
1-0058 
10070 
10054 
1-0057 
1-0072 
1-0047 
1-0000 

0-9876 
1-0000 



i-oo9«; 

1-0126 



1-0155 
1-0128 
1-0134 
1-0135 
1-0083 
1-0103 
1-0124 
1-0105 



10145 
1-0126 
10110 
1-0182 
1-0196 
1-0)81 
1-0184 
1-0198 
1-0173 
1-0126 

l-OOOO 
1-0126 



J 
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If we combine the mean results at the twenty-four stations 
in this table by the method of least squares, we obtain the fol- 
lowing values: a:=+ -000061 ; 3*=--000066; «=~47'' 37'; 
r="000090; andy=l'0136, at the mean geographical position 
in lat. 53° 4i)', and long. 2° 08'. 

Mr. Fox's observaiions. — These were made with a 4J inch 
needle, on the principle described by its maker, Mr. T. B. 
Jordan, of Falmouth, in the third volume of the " Annals of 
Electricity," &c. The needle has a small grooved wheel on its 
axle, which receives a thread of unspun silk, furnished with 
hooks, to which weights may be attached. The weights em- 
ployed were successively 2*0 grains, 2'1 grains, 2'2 grains ; and 
with each weight the intensities are in the inverse ratio of the 
angle of deflection produced, corrections being applied for 
differences of temperature at the different stations. The fol- 
lowing table exliibits the angles of deflection occasioned by 
the respective weights, and the values of the intensity deduced 
therefrom. The angles are reduced to a common temperature ; 
1° of the centigrade scale having been found by experiment to 
be equivalent to 2', or S''4 in the angle. 

Table XLVUI. 



Stution. 


Date. 


Welghl 


DeSisiDn 


Intcniilj. 


Mean. 


oJisi 




1S38. 
I M»y -ii 
l,J.i.u-.|&a 


J 21 
\2-i 


4§ 3fe7 
51 55'3 
55 330 


I'OOOO 
l-OOOO 
I'OOOO 


1 1.0000 


n«S M West. 






June 30 


rs-o 

21 

h-2 


18 67 
S2 19 
55 57 


0-il938 
0-9931 
0-9952 


L 0-9937 


'In tlie grounds 
of Davies Gil- 
, hert,IUq. 


Eiistwick Park ... 


June 1(i 




4a 35 
51 57 
55 40 


0-9997 
0-9996 
0-99SS 


i 0-9993 


In ilie grounds. 


Comhe House ... 


July 3 


[9-0 
l3-2 


18 25 
51 45 
55 18 


10023 
10024 

1-0031 


1 1-0036 


In UiR grounds. 




July 5 4 7 


rs-o 
Ja.i 

\-i-2 


48 29 
SI 48 
55 20 


10013 
10017 

1-0026 


1 1-0018 


fin Mr. Fox's 
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§ S. By the Method of Vihrations, 

The observations by this method include twenty-seven sta4 
tions ; i. e. 18 by Captain Ross ; 7 by Major Sabine ; and S b^9 
Mr. Lloyd. " 

1st. Captain Ross's determinations were made with a cylin- 
der (X) vibrated in an apparatus on the well-known plan of M. 
Hansteen. The loss of magnetism sustained by the cylinder 
during the time of its employment, from July 1837 to June 1838, 
was very considerable, and was occasionally so irregular as 
to prevent any satisfactory conclusion whatsoever being drawn 
from the observations. On a careful examination, there ap- 
peared two intervals, viz. from the middle of September to the 
middle of November 1837,— and from April 24 to June 5, 1838, 
— during which there was reason to infer that the loss of mag- 
netism, though considerable, had been tolerably uniform and 
regular. During the second interval, viz. from April 24 to 
June 5, 1838, on both which days the cylinder was vibrated in 
Loudon, the increase in the time of vibration at the same sta- 
tion afibrds a direct measure of the diminution in its magnetic 
intensity ; and being divided by the number of days comprised 
in the interval, furnishes the amount of the daily correction. 
But in the first interval we have the additional disadvantages 
of having no direct observation showing the amount of the loss 
of magnetism, and no direct comparison with the force in 
London : and it is necessary, consequently, to have recourse to 
indirect means for the purpose of determining these particulars. , 
On the 19th of September, 1837, Captain Ross vibrated cyliit"" 
der X at Birkenliead ; and on the 21st of September, at Dou- 
glas, in the Isle of Man. In Table XLVII. we have thi 
value of the intensity ai: both these stations relatively to th« 
London unity, determined by Mr. Phillips ; and in Tabl^l 
XLIV. we have Mr. Lloyd's determination of the force a£9 
Birkenhead. We may employ these determinations to suppljg 
the time of vibration in London corresponding to the observa^ 
tions with the cylinder at Douglas and Birkenhead. In likq 
manner we may accomphsh a second uidirect comparison v 
London by means of Captain Ross's observations at Falmouttf 
on the 18th of November, 1837, combined with the values ofl 
the intensity at that station determined by Mr. Fox, (Tabid 
XLVIII.), and Major Sabine, (Table XLV.). The i ^ 

observations and processes by which the times of vibratioid 
of the cyhnder in London have been derived at different epochsa 
are comprised in Table XLIX. ; and in its final column i 
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shown the average daily loss of magnetism experienced in each 
of the two intervals ; which is subsequently applied in Table 
L., in assigning the corresponding times of vibration in Lon- 
don, on days when the cylinder was employed elsewhere. 

Table XLIX. 



...... 


nale. 


.S|r. 


ObEErvM 
Up. 


London's lOOCKJ 


Lin^o. 




Birkenhead.. 

Douglas 

Falmouth 

London 


1837. 
Sept. 19 

Sept. 23 

Nor. 16 

1838. 
April 2i 


275-23 
279-27 

271'48 
275-84 

28006 


fo as-o 

71 20-3 
69 16-1 
S9 IS'O 

eg 15-0 


t 1-0112 Lloyd S 
1-0208 PhiUipj 

r 1-0015 Sabine l 

1_ 1-0018 Foi J 


868-45 ■ 

2R8-37 
268-30, 


loos 

I 0-015 

















Table L. contains the observations made by Captain Ross 
with cylinder X, and the values of the intensity derived from 
them. The coefficient in the formula for the reduction to a 
mean temperature, is ■00017 : the reduction has been applied 
in the column entitled " corrected time." 



Table L. 



EtiHon. 


Date. 


„.,. 


Tddlp. 


■^'Z"^ 


CDrroctKl 
Tlruc. 


OlweiKKl 
Dl|i. 


Currraponil. 
ing lime of 

London.' ' 


Inlenillr, 
London 




1837. 


h m 




J 


g 






J 






Sept. 


ly 


1 48 r.H 




275-81 
375-58 
37B^J 
379-35 


375-23 


70 


350 


368-45 


1-0128 


DQuglM,(Isle 


Sepu 


22 


47 *.u 
10 36 


60 

60 


279-27 


71 


20-3 


268-30 


1-0308 


Pwllheli 




1-1 


5 11 F.H 


47 


374-63 














~ 


15 


8 55 A.U 

10 57 


47 
60 


375-30 
275-98 


275-71 


;o 


32-5 


269-81 


1-0173 


Mu-lbro' 


- 


18 


10 50 

11 14 


58 
60 


370-53 


270-68 


69 


35-4 


270-00 


1-0018 




- 


W 


3 30 F.>i 
2 55 


56 
56 


371-4 - 
371-57 


271-66 


69 


34-0 


370-34 


1-0031 




Pembroke 


~ 


■>t 


1 17 

1 48 


5(J 
56 


272-76 

272-80 


372-95 


69 


55-9 


270-48 


1-0138 



IfiQ 
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C «po d 


,.JM 


S..H0„. 


Dato. 


Hour. 


THdp. 


Tmeot 

100 


^J^e^ 


(W.«l 


"!=." 


'S3 




1837. 


m 




g 


g 






s 




Swansea 


Oct. 


27 


5 1 y.M. 


4^^ 


273'381 
















28 


11 46 A.M. 


54 


273-12 I 


273-66 


B9 


4G-7 


970-60 


10010 






SB 


6 59 


54 


273-23 J 












lirnuionibc.... 


Not. 


3 


5 a r.K. 


46 


371'4a 


27206 


69 


36-9 


270-80 


1-0071 


Padstow 


— 


14 


1 12 

1 39 


56 
BB 


270-85 1 
271 '00 / 


27110 


69 


251 


271-49 


10096 






18 


3 i2 


50 


271-02 


271-48 


69 


16-1 


371-70 


10017 


Land's End- 


- 


tta 


11 6 J.M. 

11 a» 


56 

SB 


270-981 
370'93J 


37114 


69 


18-5 


87800 


10082 




1888. 


















London 


Apri 


34 


3 41 r.H. 


53 
63 


27552'1 
276-51 


275-84 


G9 


15-0 


375-84 


1-0000 


York 


- 


28 


1 40 

2 7 


48 
60 


284-43 
284-85 


285-16 


70 


452 


976-94 


1-0094 




Scarbro' 


May 




10 SB *.M 


47 


285-7 


















11 33 


48 


38643 


286-85 


70 


43-0 


976-64 


0-9978 








11 49 


49 


2a6'B8 












Bridlington.. 




S 


3 44 V.U 


flO 


385-83 


















5 50 


56 


285-0 


285-46 


7(t 


38-8 


276-66 


1-0048 








G 35 


54 


285-118 












Wadwonh... 




K 


3 39 


fiO 


984-07 


284-07 


70 


27-5 


277-50 


10117 






IS 


7 46 A.H 


58 


383-02 


983-12 


70 


lfl-3 


977-70 


10104 


Louth 


~ 


I 


11 40 
I 7 p.« 


57 
58 


283-7 ■ 
283-67 


283-81 


70 


19-5 


27810 


1-OIU 




Cramer 


z 


9 

2 


07 

s r 


60 
60 


281-06 
981-38 


981-21 


69 


46-1 


378-05 


10063 


LoweMofffe... 


z 


a 


11 31 *.K 

16 t.M 
10 14 *.M 


61 
63 
61 


279-00 
279-73 

280-30 


















10 58 

1 61 P.H 


64 
60 


280-68 
280-65 


980-66 


69 


29-2 


278-90 


0-9990 




~ 


2 


10 98 A.« 

37 p.H 

1 12 


53 
63 

54 


2810 
981-10 

281-17 












Harwich 


— 


a" 


II 46 A.H 

1 40 r.H 


63 
68 


260-13" 
B7B-93 














" 


3 


10 23 A.H 

3 F.U 

11 14 A.U 


6.^ 

66 
GB 


380-20 
380-43 
280-63 


280-00 


G9 


154 


979-60 


0-9974 




June 




11 52 


65 


980-27' 














- 




S\ F.n 

10 58 A.M 

Ofi r.ix 


65 
63 
68 


38032 
980-25 
380.53 


280-06 


6» 


15-0 


2S0'U6 


1-0000 
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3. Mr. Lloyd's observations were made with two cylinders, 
L (a) and L (6), vibrated in Hansteen's apparatus. The 
agreement of their times of vibration in Dublin, in April and 
May 1836, is an evidence that tbeir magnetic state remained 
unaltered in the interval. Tlie values of the intensity at 
Shrewsbury and Holyhead are deduced, in relation to the Lon- 
don unity, by means of the force in Dublin ; which, in a sub- 
sequent part of this Report, will be shown to be 1*0195. The 
coefficient in the formula of reduction to a mean temperature, 
is -00025 for both cylinders. (5th Report, B. A., pp. 1 19 and 
120.) 



Table LI. 



213-56 
219-9S 
813-SO 



291-sa 

2u-m 

244-02 



243-76 
243-BH 
S43<<>9 
293-16 
2!l3-53 



393-92 / 



TO 87-6 
71 08-3 
71 03-fl 



1-019H J 
1-01951 

1-0195 J 



■1)080 
1-0196 
■0195 



3. Major Sabine's observations were made with Mr. Lloyd's 
cylinders L(a) and L (It), and with a pair, in all respects simi- 
lar, designated as L (3) and L (4). Tiie results are comprised 
in the two following Tables, Lll. and LIII, Table LII. con- 
tains observations made to determine the value of the intensity 
atTortington,inSusaex;andTableLIII. the values at six other 
stations in Great Britain : in Table LIU. the value of the force 
in Dublin =101!)5, has supplied the means of checking the 
magnetism of the cylinders. 



1 


i5'2 eighth report — 1838. 

Table LU. 
Deduction or the Intensity at Tortington. 




Lloyd; ihoM « TorUngton by Mnjor Sabine. The intensity at Dublin 
= I-OiaS. The co-efficient in the formul. for ihe tedurtion to a maui 


c,l. 


»„„. 


„„. 


„.,. 


' 


TiiDBDr 


CortRlcd 
Time. 


Dip. 


IntenillT. 


L(.1). 


Torlinglon ... 
Dublin 

Tortington ... 


1B38. 
Feb. 9 

— 10 
Marrll 3 

— 3 

— 5 
March 10 

— 10 


h m 

1 40p.v. 

I 31 

1 37 

303 

303 

1 44 

2 38 


& 
36 
463 
47 

46-S 
46 
45-5 


295-67 1 

295-09; 
307-791 
308-00 L 
307-35 J 
296-741 
296-53/ 


297-05 
308-81 

297-75 


68 55-1 
70 58-4 
08 55-1 


o^9fia 


L(4). 


Tortington ... 


Feb. 9 

— 10 
March i 

— 5 
March 10 

— 10 


5 09 r.«. 
34 
3 4(i 
3 08 
3 40 
10 43t.u. 


41 
36 

46-8 
44-3 

47'2 

49 

4S 


271-231 

270-78 ■ 

283-58 ■ 

383-58 

282-57 

272-53 

271-98 


272-28 
283-40 
373-99 


68 fiS-l 
70 58-4 
68 55-1 


0-9985 




the ralace Gardens at Kew. 


Cyl. 


„... 


Due. 


Hour. 


„„. 


TinuoflW 
Vlbratloni. 


Dip. 


'^S' 


L(o). 
L(i). 




1B3H. 
Oct. 13 

— 13 
Oct. 18 

— 18 
Oct. 13 

— 13 
Od. 17 

— 18 

— 18 


b m 
3 
3 10 
08 
27 

11 45 

15 

1 28 

10 17 

11 07 


3. 

40 

53 

63 

44 

44 

5S-5 

48-0 

50-5 


237-771 „„a OB 

237-8ir'^'''*"' 

303-92 "I qn-.,, 
304-06 ^^' 
303-26 

302-18 303-20 
302-46 J 


69 ie-4 

69 53-5 
69 16-4 
68 53-5 


1 0-9986 

[o-gses 




lT.»nil.n ... 


(luced, areusfoUows: 

Lr3),0.9963i L(a),0-99S6i 

L(.l), 0-9985; L (4). 0'9965 i 

Mean, 0'9W5. 


L 


^^^^^J 
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Table LIII. 

Deduction of the Intensity at Six Stations in Britain. 



L (4). 1 


















Cwrai™d 


InlHuily 


SUtlon. 


Ditt 




Hour. 


Thmn. 


iiKsr 


%'S," 


Dii.. 


'S'" 


ircoM. 




1838. 


h m 




s 


5 




s 




London 


June 


1 


10 21A.U. 

11 04 


m 


284-17 1 
284-17 / 
283-73' 1 
283-C6 f 


284-01 


69 17-4 


384-01 


1-0000 




July 


7 1 IOp.h. 

25 IB F.H. 


67 
«2 


283-10 


69 12-0 


283-94 


0-9997 


Dublin 


Aug. 


G 3 43 

6 1 42 


fi7 

63 


293'68 i 

a92'48 r 


292-32 


70 54-6 


283-87 


1-0195 


Whiwbavcn... 


A.,(r. 


IG 4 25 


57-5 


294-46 


294-64 


71 l!>7 


283-94 


10180 


Newcastle ... 


Aug. 


2B 3 28 


71-5 


2!)S'22 


294-38 


71 00-0 


383-94 


1-0183 


L ("). 1 


Dublin 


Aug. 


6| 4 12 F.K 

8 3 44 


66 
fl3 


246-30 1 
245-81 1 


345-77 


70 54-6 


338-60 


1-0195 


Wbilehsven.. 


Auf. 


le! 4 S5 


57 


247-81 


248-00 


71 10-7 


238-80 




Neticsstle .. 


Au^. 


28. 2 67 

30 1 00 


73-3 

e.1'0 


248-40 1 
248-07t J 


247-72 


71 09-0 


238-80 


1-0177 




Sppt. 




5(1 




248-92 


71 196 


338-80 






4«- 


s 


3fi0 
3 20 


55 
57 


253-22 1 
253-45 ]■ 


253-58 


72 17 


238-80 


1-0310 


Jordan HUl.. 


S^-pt. 


i; 


3 24 


59 


253-66 


253-73 


72 14 


238-80 




London 


Ocl. 


13 

1^ 


300 
3 16 


30 
40 


g:l!}i-™ 


69 16-4 


238-98 


1-0000 



1 



The results in Table LIII., collected in one view, are as 
follows : 



station. 


munil 


f, Loii*.n = 


l-OOOO. 


„.„... 


Inlensilv, Lon- 


L{«), 


L,.,. 


Mean. 


LW. 




1-0180 
1-0183 

0-9997 


I-OIGO 
1-0177 


1-0175 
1-OlSO 
0-9997 


Helcuabui^h 


1-0310 

1-0273 
1-U171 




Falmoulh 







If we combincj by tlic methotl of least squares, the results at 
the twenty-seven stations at which the intensity was thus de- 



• Obsen'ed by Mr. Fox. 



t Observed by Captain Robs. 



IM. 
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termined by horizontal vibrations, — namely, eighteen stations 
by Captain Ross, exclusive of those which have served to ex- 
amine the magnetism of the cylinder ; two stations by Mr. 
Lloyd; and seven by Major Sabine, — we obtain the follow- 
ing values: ;r= + -OOOOO't; y = --000069; k = -47° 14/; 
r=-000094. The mean geographical position is 52° 43' N., 
and a" 18' W. 



If we now collect in one view the several values of k and r 
which have been obtained from the intensity observations in 
England, we have as follows: 



k 



ObsBIvcr. 


M«... 


No of 


XIp^o-;;. 


V-u«„f 


Slalloo.. 


L-t. 


Long. 


" 




Statical 

Suiical 

Statical 

vlbrationi / 


IB 

30 
3T 


BiTa'i 

53 4» 

S3 43 


i°fla 
a OH 

3 11 

3 18 


-g4i9 
-47 37 
-53 8? 

-47 14 


-000083 
-000090 

-000078 

•000094 


Phillipi 


no.. 1 

Llojd J 



If we regarded the several values of w and r in Table 
LIV.j as entitled to weight proportioned to the number of 
stations of which each is the representative, we should assign 
a preponderance to the values obtained by the horizontal vi- 
brations, which the circumstances of the observations from 
which they are derived would scarcely justify. To give them 
exactly their just weight, would require a lengthened investiga- 
tion of the respective probable errors, not only of the two me- 
thods, but of the horizontal method under some disadvantages, 
as shown in page 143. The occasion would not justify the ex- 
penditure of the necessary time and labour ; and I have assign- 
ed the arbitrary value of 18 to tlie horizontal deductions from 
the twenty-seven stations; making, in this particular instance, 
three horizontal determinations equivalent to two statical. Thus 
weighted, we obtain — 50° 48' and '000086 as the mean values 
of w and r derived from the English scries, corresponding to 
the central geographical position in 52° iS' N. lat., and 2° 07 
W. long. 
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Section II. — Scotland. 
§ 1 . Observations by the Statical Method. 

Major Sabine's Observations. — -Tliese were made in the 
summer of 1836, with the statical needle S (2); an account of 
them is contained in the report on the Scotch Magnetical 
Lines, in the 6th vol. of the Reports of the British Association. 
Between the 30th of July and the Ith of October, in which in- 
terval the magnetism of the needle was shown to have sustained 
no change, twenty-two stations were observed at, including two 
in Ireland, viz. Bangor and Uublin. These are now transferred 
to the Irish Series, and being thus included in their more appro- 
priate place, will be omitted here. At the time of the publica- 
tion of the Scotch report, no direct comparison had been made 
of the intensity in Scotland with that in London ; but its values 
at tlie several Scottish stations relatively to London were given 
provisionally, by meaiia of the observations in Dublin, and by 
adopting I'OgOS as the ratio of the force in Dublin to unity in 
London, according to a determination of Mr. Lloyd's, published 
in the Transactions of the Koyal Irish Academy, in 1836. The 
values at the Scottish stations were consequently subject to 
be altered by any modification which Mr. Lloyd's determina- 
tion in Dublin might subsequently receive. In the present 
report Mr. Lloyd has given a corrected value for the force in 
Dublin, resulting from a much larger number of determinations. 
The corrected value is 1-0195. With this value, therefore, 
and the comparative observations at Dubhn and Helensburgh, 
published in the Sixth Report of the British Association, we 
may now derive a more correct expression, relatively to London 
for the intensity at Helensburgh as the base of the Scottish 
determinations. 

The observations contained in the Scotch report presented 
a double comparison between Dublin and Helensburgh : one 
by the observations of the S^nd July, in Dublin, and the 27th 
July, at Helensburgh; the other by those of August 2, and 
September 13 and 14, at Helensburgh, and October 4, at Dub- 
hn. They are presented in the following table, 

Note, — Between the first and second comparisons the needle 
sustained an accident, which is related in the Scottish Report, 
and which accounts for the angles of deflection being difl'erent 
ia the two comparisons. 
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Slnlion. 


Date. 


Thcr. 


6 


5 


«^-i^ 


|pt«>i>lv. 


Dublm=l 


London^ 




1836. 
July 32 
July 27 


6°« 

60 


-17 17-9 


f\ 03'6 
73 lG-8 


■95478 


1-0000 
1-0067 


1-0195 
1-0263 


Helensburgh .. 


Helen^urgh.. 
Helctisburgb.. 


Aug. 2 
Scpl. 13&14 
Oct. 4 


65 
49 


-IB 597 

-19 oe-1 

-19 .13-3 


73 lfi-81 
73 16-8 [ 
71 03-3 


■94573 

-93993 


HI002 
l-OOOO 


1-0258 
10195 





Whence it results that ( — '- 



-) = I-03G! expresBt 



the force at Helensburgh relatively to unity in London, as de- 
rived through the medium of Dublin. 

In 1838 I visited Helensburgh for the purpose of obtaining a 
direct comparison with London. The observations which I then 
made are included with the series already given in Table XLV; 
their result ia I-0252. The near agreement of this result, with 
that obtained in 1836 tlirougli the medium of Dublin, is satis- 
factory, both in confirming the relation of the Scottish intensi- 
ties to London, and in showing the confidence to which this 
mode of experiment ia entitled. I have taken I"0268 as the 
force at Helensburgh, considering the determination through 
Dublin as entitled to rather the most weight; and have com- 
puted from it the value of the intensity at the other stations, 
as inserted in the final column of Table LVI. 

Table LVL 



St..™. 


D-tc. 


»,. 


9 


I 


<..« 




Temp, SOO 


Helensburgli 


^^^. 


Helensburgh ^ 

Cumbray 

Toliermoriu .. 
Loch Slaiiin .. 


1836. 
Aug. 2 
Sept. 13&I4 
July 30 

— 17 

— 30 

— 24 

— 33 

— 25 

— 27 

— 30 

— 31 

T-l 

— 6 

— 7 

— 8 

— 9 

— IG 

— 16 

— 18 


64 

64 
70 
56 
57 
59 
58 
51 
60 
67 
44 
59 
60 
60 
51 
56 
55 
SS 
67 
S3 
52 


-ft 59;7 
-19 061 
-18 31-9 
-15 29-3 
-15 G9 
-17 .■iO-8 
-16 44-2 
-16 63-7 
-17 08-1 
-16 524 
-18 22 
-18 401 
-18 06-1 
-18 40-8 
-18 37-7 
-10 43-7 
-19 56 1 
^19 24 
-19 24 
-18 55-9 
-18 161 
-19 31-8 


j-72 16-8 

72 01-3 

73 07-7 
73 02-2 
72 17-2 

|72 46-5 
72 55-6 
72 40-9 
72 22 
72 U-3 

71 64-7 

72 17-5 
72 11 
71 37 
71 337 

71 49-4 

72 01-7 
72 23-0 
71 56 
71 43-5 


■94572 
-94 839 
■96452 
■96130 
■95173 
-95718 
■95510 
■B5693 
■94900 
■B4668 
■95052 
■94745 
-94769 
-94111 
■94023 
-94320 
-94330 
-94600 
■94925 
-94330 


I-OOOO 
1'0038 
1^0199 
1-0165 
1-0OG4 
10121 
101109 
10119 
rO035 
l^flOlO 
l^OOSl 
1^0018 
10021 
0^9951 
0^9942 
0^B973 
(■■9974 
1^0003 
1^0037 
0^9964 


1-0258 
1-0287 
l-ftl62 
I^<M37 
1^0334 
1^0383 
1-O30O 
10380 ■ 
1-0290 
1-0269' 
1-0310 
]^0277 
1^0279 
1-0208 
1-019S 
1^0231 
1^0233 
10S61 
1-0396 
I-02SH 


i,.„„ ...{ 


Gordon Castle 






Kirkaldj 




Loch Rania .. 

Cunbleton 

Loch Ryan ... 
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In the discussion of these observations in the Gth Report of 
the British Association, I have adverted to the frequent in- 
fluence of the igneous rocks in Scotland in producing what 
may be termed station error. In the table in page 20 of that 
Report, the intensities observed at Tobermorie, both by the 
statical and horizontal methods, are shown to have been af- 
fected, apparently by an error of this nature, to a degree much 
exceeding that of the results at any other station. In com- 
bining the results of both methods, therefore, for the values 
of X, y, &c., I have thought it right to omit altogether the inten- 
sities at Tobermorie. We have, therefore, the statical results 
at nineteen stations to combine by the method of least squares, 
whence we obtain the following values -. x = + '000083 ; 
5-= --000107; « = -5gM5'; r= '000136. The mean geo- 
graphical position is in latitude 56° S2' N, and longitude 
4" 01' W. 



Captain Ross's Observations. — These were made with two 
needles, RL (3) and RL (4), on Professor Lloyd's principle, used 
in Captain Ross's six-inch circle. One of these needles (R L 3) 
appears to possess the peculiar property of preserving its mag- 
netism unchanged in different temperatures, requiring no re- 
duction to a mean temperature. Table LVII. contains a series 
of experiments with it, made by Captain Ross, by which it will 
be seen that in differences of temperature, including the whole 
range of natural temperatures to which it is likely to be exposed, 
the time of vibration of the needle remained unaltered. 



Table LVII. 
Observations to investigate the influence of differences of tem- 
perature on the time of vibration of Captain Ross's statical 
needle R L (3). 









Timcnfjoo 








TlueorjOO 


D^. 


Horn. 


Ther 


Vll«.iooJ. 


Date. 


Hout. 


nier 




isas. 


h m 




, 


1839. 


h m 




5 


Jan. 17. 


10 39 am. 


32 


42S'4 


Jan. 17. 


2 aa r.M. 


GO 


428-0 




10 5i 


33 


438-4 




S 45 


56 


428-2 




11 42 


98 


428-8 




3 01 


53 


428-a 




11 5S 


92 


428-4 




3 IS 


51 


428-0 




17 p.m. 


83 


438-2 




3 33 


50 


428-4 




5(> 


99 


428-4 


Jan. 18. 


10 32 ^Ji. 


28 


428-4 




I 11 


87 


428-4 




10 47 


29 


427-8 




1 37 


81 


428-8 




n 08 


30 


428-4 




t 44 


75 


4S8-6 




11 34 


30 


428-4 




1 S8 


70 


428-2 




11 4a 


30 


428-6 




2 U 


64 


428-4 




OS T.H. 


30 


438-5 



The following table, No. LVIII. contains two scries of ex- 
periments of a similar nature, with R L (4), one made by Major 
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Sabine^ and the other by Captain Ross, the results according 
extremely well in the value of the coefficient deduced* 



Table LVIII. 



Observations to ascertain the coeflScient in the formula for reduction to a mean 
temperature of Captain Ross's statical needle R L (4). 

Major Sabine, TorUngton, December 18, 1838. 



Hour. 



h m 

10 38 A.M. 

11 34 

1 57 P.M. 

2 22 
2 42 

5 02 

6 43 

7 44 



Temp. 



4? 
46-5 

109 

103 

98 

49 
48 
48 



Time of 100 
Vibrations. 



Means. 



s 
480*4 

480-4 



} 



480-8 

481 

480 



. 



479-4 

480 

480 



i} 

•4 1 
•8 I 
•0 J 



480*4 at 46*75 



481*0 at 103-3 



4801 at 48*3 



Here, in the formula, a = -~ /* 

T = 480*25 ; T - T' = 0*^5 ; 
r — r' = 65°*8i whence a = 
*000056. 



Captain Ross, London, February 21, 1839. 



Hour. 



h m 

1 14 P.M. 

1 45 

2 19 

2 41 

3 7 
3 30 

3 51 

4 34 

4 53 

5 15 

8 7 
8 32 



Temp. 



3l$ 
38 



104 
103 
103 
100 

88 
17 
71 
(i7 

50 
50 



Time of 100 
Vibrations. 



474*2 

474 



*2 -I 
•23 / 



Means. 



474*96 ^ 
474-93 
474'61 
47501 

474-36 
474*72 
474-66 
474-30 



473-98 
474 



-98 1 
•08 / 



474*22 at 38^ 



474*90 at 102*5 



474*51 at 75*7 



474-03 at 50 



HereT = 474-2 ; T - T'ss 1«-16 
T — T* = 45°* 1 ; whence, a = 
*000054. 



By the mean of the two determinations a =*000055 ; which being multiplied by 
*43429, the modulus of the common system of logarithms » *000024, the coeffi- 
cient of (r— 4/) in the correction for temperature. 
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In the following table are collected the observations made 
with these needles in London, in July 1838, and in December 
of the same year, for the double purpose of examining the 
steadiness of their magnetism in the interval, — during which 
they had been employed in the observations in Scotland now 
under notice, and in a similar series in Ireland, — and of deter- 
mining the angle of deflection in London as the base station of 
both series. 











Table LIX. 






MMdlc 


OtU:. 


Hg«. 


ni«r 





1 


BOlf 


tmenUEj, 


IB (»-».) 




183B. 
















July 7 


5 30r.li 


f» 


-2^ 3S-4 












30 






Ufl 14-2 






















>4' 
















Bi 


Dm. 5 


3 
3 40 


45 
46 


-26 32-9 

-as 30'3 


jeii 147 


■89932 

Mean. 
■89S07 


1-OOU 




July 10 


5 


tlH 


- 13 33-a 


1 










4 


7a 


-13 32-7 


Uo 14-2 


■88061 








a 


Ti 


-13 30-7 








a- 
















H 


Dm. 4 


3 
430 


47 
47 


- 13 38-8 
-13 28-0 


}-68 147 


■87B70 


0-9905 J 


Mean. 














'B8013 







On comparing the observations with both needles in July 
and in December, we may conclude that the magnetism of 
both had remained unchanged during the interval ; the small 
diS'erences are only such as frequently occur on different days ; 
they arc, moreover, in different directions, and so far will com- 
pensate each other in the final deduction. 

In Table LX. are comprised Captain Ross's observations 
with tiiese needlen at nine stations in Scotland and tlic north 
of England. 



^ 
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Table LX. Needle, R L (3) . 



Station. 



Aberdeen ... 
Lerwick 



Kirkwall 

Inverness ... 
Newcastle ... 



Date. 



1838. 
July 19 

— 25 

— 26 



Aug. 1 



— 14 



— 29 



Hour. 


Ther. 


h m 
3 Op.M. 


& 


3 p.m. 

30 

1 10 


54 
53 
53 


11 30 a.m. 
30 P.M. 


60 
60 


2 30 p.m. 

3 15 


59 
59 


4 P.M. 

5 


60 
60 



e 



^ 32*3 



22 291 
22 331 
22 21-8 

22 43 
22 5-5 

21 49-6 
21 531 

24 55*9 
24 571 



7% 27*6 



} 
} 
} 



73 44*9 



73 20*4 
72 46*2 
1 71 13*0 



co«0 



Biaii-$) 



ll>erm.0O<^ 
•92185 

•92947 

•93081 
•93118 
•91202 



Intensity. 
Londcm 



1-0266 
1-0351 

1-0366 
1^0370 
1-0156 



Needle, RL (4). 



Aberdeen ... 


July 19 


Lerwick 


— 25 

— 26 


Kirkwall 


Aug. 1 


Inverness ... 


— 14 


Newcastle ... 


— 29 


Stonehouse... 


Sept. 3 


Jordan Hill.. 


— 11 




— 13 


Berwick 


— 17 


Dunkeld 


— 20 



4 p.Bi. 


63 


3 30p.m. 

2 

3 


54 
55 
55 


1 dOp.M. 

2 10 


61 
61 


3 30 P.M. 

4 30 


60 
60 


3 00 p.m. 
3 30 


61 
61 


10 40 a.m. 
Noon. 


61 
63 


2 P.M. 

3 

10 a.m. 

11 O 


64 
62 
63 
63 


11 30 a.m. 
Noon. 


60 
60 


15 p.m. 
2 


57 
57 



- 7 35-2 

- 4 52-2 

- 4 51-0 

- 5 00 

- 4 55*6 
-5 0- 

- 5 14-7 

- 5 141 

- 9 51-9 

- 9 52-9 

- 9 48-5 

- 9 50-7 

- 7 36-7 

- 7 41-5 

- 8 2-8 

- 8 3-5 

- 8 19-9 

- 8 12-0 

- 7 37-2 

- 7 37-4 



72 27-6 



} 
} 



73 44-9 



} 



73 20-4 
72 46-2 
1 71 13-0 
1 71 24-1 

72 200 

1 71 41-9 
72 23-1 



} 



1-0056 
1-0159 

1-0175 
10180 
-99727 
•99713 

1-0055 

10050 
10063 



10270 
1-0365 

1-0381 
1*0386 
1-0175 
1-0173 

1-0259 

« 

1-0254 
1-0267 
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Collecting the results in one view, we liave as follows : 
Table LXI. 



Stallmi. 


KLCS.) 


EL (4). 


M«i,. 


Stollon. 


RL(8). 


Aberdeen ... 

LerwicW 

KirkwsU ... 
Inverness .. 

Newcastle .. 


1-03B6 
1-0351 
1-0366 
1-0370 
1-0156 


10370 
103S5 
1-0381 
l-038fl 
1-0175 


1-0368 
1-0358 
1-0373 
1-0378 
1-01S5 


Rnnkeld 

Jordan Hill. 
Berwick 


1-0267 
1-0259 
1-0251 
1-0173 



If we combine the results at these nine stations by the 
method of least squares, we obtain the following vahies : 
a: = +-000080; y = - -000069; u= -40° 38'; r = -000106. 
The mean geographical position is in latitude 56° 52* and lon- 
gitude ^^ 4§ W. 



5 9. Bi/ the Method of VihraUons. 

Major Sabine's Observations, — These observations were 
made in the summer of ISttCi; a detailed account of them is 
given in the Sixth Report of the British Association. Two 
cylinders, L a and L b, were vibrated at twenty-two stations in 
Scotland, between the 28th July and 18th September, during 
which interval the magnetism of the cylinders was proved to 
have been steady. The times of vibration at the several stations, 
reduced to a temperature of 60", are inserted in Table LXII., 
being taken from the Sixth Report of the Association. The 
values of the horizontal intensity are given in the table in re- 
lation to imity at Helensburgh ; aud those of the total force to 
unity in London : the intensity at Helensburgh having been 
already shown to be as 1*0258 to TOOOO in London. 



Helensburgh ...i 

Great Cumbray 
Loch Gllphoftd.. 

Toliennoiie 

Loch Slapin.-. 

Altamhb 

Gtcncoc 

Fort Augustus... 

Inverness 

Golspie 

Gordon Castle... 

Rhynic 

Alford 

Braemcr 

Blairgowrie 

Newport 

Kirkaldy 

Melrose 

Dryburgh 

Locb Ranza. 

Compbellon 

Loch Ryan 



eighth report 183s. 

Table LXII. 



■July28— Aug. Z L 

SepL 13-U L 

July 9S— Auff. 3 L 
Sept. 13-M... ■ 
July 30 

Aug. 7...'.'.'.'". 

Aug. 10 '.'.'.'.'.'. 

Aug. 14 ! 

Aug. 16 '.'.'.'.'.'. 

-K^\j :::::: 
^\ug.i9 :::::: 



S Vibration 
2 Theim. Gn 

ii-a;; 



Aug. 21 , 
Aug. 24 . 



I Aug. 25 . 

jAuT^ae : 

r Aug. 28-2 
1 — 3B . 
/Aug. 30 . 

fAuTsi : 

fSept.l.... 
r Sept. 3 . 

1 -6.U 

Sept. 7.... 

/Sept. 18 . 

Sept. 17 ; 

, Sept. IB '. 



•> 300-71 
I 249-75 
b 300-33 
I 254-34 
i 30S-4Q 
1 834-30 
i 305-04 
1 262-67 
i 303-75 
> 250-33 
■ ■■■M7 
I 353-34 
A 304-00 
1 253-11 1 
1 253-53; 
b 303-16 1 
b 3M-8S r 
254-48 
i 305-87 



1-0000" 

i-ooooj 

1-OlOS 



0-9755 , 
0-9752 ■ 
0-9740 



1-0 

1-0106 ; 

0-9753 7; 

0-B761 7 

Od(878 7 

1-0051 7 



0-9741 1 
0-972S ■ 
0-9877' 



I-OOIB 7. 
• 0-9326 7 



250-98 
b 300-88 
3 248-10 
h 307-69 

1 251-26 
b 301-72 
I 350-79 
b 300-87 
1 247-6S 
b 396-65 
1 347-20 
1 352-57 
b 303-15 



1-00161 ,. 
1-00.55 I ' 
1-0349 1 J., 



0-9998 
1-0030' 
10065 



0-0995 7: 
■1-0043 7: 



0-99<lfif 
1-01481 
1-0178/ 



1-0279 
1-0492 
I -0446 
1-0380 
1'0315 
1-D315 

1-0385 

10353 

i-osn 

1-03S8 
10331 
1-0370 
1-0319 
I -0960 
1-0247 
l-ODOS 
1-OlSl 
I-OSIO 

i-oaaa 

1-0254 
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Omitting Tobermorie, for the reasons assigned in page 157, 
and combining the results at the other twenty-one stations by 
the method of least squares, we obtain the following values : 
a;=+-000080; y = ~-000118; u =-55° 46'; r = -000143. 
The mean geographical position is latitude 56° 35', and longi- 
tude 4° 15' W. 

Captain Ross's Observations. — These were made in the sum- 
mer of 1838 with a cylinder (X) described in page 148. It was 
vibrated at Westhourne Green, near London, in June and 
July 1838, and again in December of the same year, having 
been used in the interval both in Scotland a.aA in Ireland. The 
observations at Westhourne Green, showing that its magnet- 
ism underwent no change in this interval, are contained in the 
following table. 

Table LXIII. 



July "c!!; 

July ii'.'.'. 



13 r.i 
II 0Sa.1i 
11 37a.> 
10 SOa.j 



38033 
S804S 
S80'53 
27B-78 



inTlmeoflon Obacned 



. 11 a/A.K. 

Tfar coefficient in Lhe fbrmula for Uie reduc 
tempcraiiirc is -OOOIZ. 



Table LXIV. contains the observations with cylinder (X)at 
ten stations in Scotland, and nt two stations in the north of 
England, viz. Newcastle and Stonehouse. The values of the 
total intensity in the final column, relatively to unity in London, 
have been computed by means of the time of vibration of this 
cylinder in London shown in the preceding table. 
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Table LXIV. 



Aberileen 

Lcnvick 

Kirkwan 

Wick 

Golspie 

Jewcastlc ... 

SlODchouse ... 
Culgruff 

Jordan Hill... 

Berwick 

Dunkdd 



3 2 52 p. 

4 n 12a. 

6 11 

7 II 12 

8 4« p. 



S II IS A. 

II 43 a. 

1 II 27 

2 10 38 



10 40 
II IS 

1 46i>. 
it II Ua. 

6 45 p. 

7 10 IB*, 
a 43 p. 

a » 47 a. 

1 5 97 r. 



309-35 
30a'82 . 
309'90 



a03-4B 
303'58 
300'38' 
300-48 
2!iO-9 ■ 
291 '28 
291-fi 
292-87 ■ 



. 303-31 

305-43 

■ 303-26 

300-51 

■ 291-41 



73 20-4 

73 19-9 
73 04-4 
72 46-0 
71 13-0 
71 24-0 
71 35-7 



71 41-9 

72 231 



1-0383 
1-039S 
1-0167 
1-0163 
1-0219 



If we combine these twelve results by the method of least 
squares, we obtain the following values, viz. : x=+ "000091 ; 
^ = -;0000«6; u = -43°3Z'; r = -000125. The mean geo- 
graphical position is 56° 5& N. lat., and 2° 58' W. long. 
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If we collect in one view the values of « and r wliicli have 
been obtained from the several series in Scotland, we have as 
as follows : 

Table LXV. 



»..„.,. 


M«liod. 


&£. 


Mtaa Oeo^aphiul 


V-Ouaof 


l.t. 


Long. 


. 


r 


Bobine... 

a™ 

Siliine ... 
Rob 




19 

9 
21 

la 


53 62 
56 36 
S6 56 


3 46 

4 16 
2 68 


-5°a I's 

-40 38 
-55 46 
-43 33 


■00013S 

'OUfJlOS 
■000143 
•000126 




Hop. Vibrations.... 



Regarding the values of « and r as entitled to weight pro- 
portioned to the number of stations of which each is the re- 
presentative, and giving equal weight to a result by each me- 
thod, we obtain -50° 03' and "000132 lis the mean values of 
« and r derived from the Scottish series, and corresponding to 
the central geographical position in 56° 40' N. lat,, and '6° 30' 
W. longitude. 



Section III.— Ireland. 

{By the Rev. H. Lloyd.) 

1. Method of Vibreilioti. 

The body of results obtained by this method in Ireland has 
received some valuable accessions, and undergone other iaii)or- 
tant alterations, since the publication of the Irish Magnetic 
Report, We shall consider these under the following heads. 
1, Additional observations; 2. Corrections of the results pre- 
viously obtained ; 3. New determinations of the Intensity at the 
base stations. 

ytddiliwial OUservaiions. — These consist in a comparison of 
the intensity at London and Dublin, made by myself in the year 
183C; a comparison of Dublin and Bangor, made by Major 
Sabine in the latter part of the same year; a comparison of 
London and Dublin, by the same observer, in the yew 18.3S; 
and a complete series of observations made by Captain James 
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Ross^ in the year 1838^ at twelve distinct stations throughout 
the island. This latter series, forming in themselves a complete 
body of results, will be considered separately. The additional 
observations made by Major Sabine and myself are contained in 
the following table*. 

Table LXVI. 

Cylinder L (a). 



SUtion. 


Date. 


Hour. 


Time. 


Temp. 


Corr. Tim*. 


f 


AprUll,1836. 


h 
11 


m 

14 


• 
243-56 


B%''2 


s 

243*76 


Dublin ' 


J- 12 


11 


8 


243*96 


61-0 


243*88 


— 16 


11 


14 


243-50 


56*5 


243*69 




Mean. 






243-67 


57*9 


243*78 


r 


April 19 


12 


11 


236*02 


59*5 


236-04 


London « 


- 21 

— 22 


2 
11 


3 
51 


235-94 
236-23 


600 
61*5 


235-93 
236*13 




Mean. 






236-06 


60*3 


236*03 


' 


May 7 


12 


30 


234-96 


57*6 


244*10 


Dublin " 


w 

— 9 


12 


6 


243-90 


61-0 


243*83 


■ 


Mean. 






243*93 


59*3 


243*96 


• 


July 24,1836. 


9 





243-47 


590 


243*53 


Dublin •• 


- 25 


7 


30 


243-11 


55*0 


243*41 




Mean. 






243-29 


570 


243*4/ 


' 


Sept 21 


9 


45 


246-53 


48-6 


247*20 


Bangor - 


21 


10 


15 


246-72 


49-0 


247*39 




Mean. 






246-62 


48-8 


247*30 


f 


Oct. 3 


10 


10 


243-25 


45-0 


244*16 




3 


2 


8 


243-22 


47-0 


244*01 


Dublin •• 


3 


2 


30 


24309 


48-0 


243*82 




4 


1 


45 


24318 


51-5 


243*70 


V 


Mean. 






243-18 


47-9 


243*92 


^ 


June 1, 1838. 


11 


37 


236*27 


620 


236*15 


London * 


— 1 


11 


56 


236*15 


620 


236*03 




Mean. 






236-21 


62-0 


236*09 


\ 


Aug. 6 


4 


12 


246*30 


66*a 


245*93 


Dublin * 


- 8 


3 


44 


245-81 


63*0 


245*63 




Mean. 






246-05 


64-5 


245*78 


' 


Oct. 18 


3 





237-77 


39*0 


239*01 


London - 


— 13 


3 


16 


237-81 


400 


238*99 


L 


Mean. 






237-79 


39*5 


239*00 



* The details of the comparison of Bangor and Dublin have been already 
printed in the Scotch Magnetic Report : they are reprinted here, so that all the 
results obtained in Ireland may be seen in connexion. 
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Tablb LXVII. 
Cylinder L (A). 



SUUon. . D.te. 


Hoar. 


IW. 


Tenp. 


Cri.Tlmt. 


Dublin J 

LondoD 

Dublin 


1836. 
April 11 

- 13 

- 15 
Men. 

April 19 
~ 21 

- 22 
Mean. 

May 7 

Mean. 


10 49 
10 44 

10 48 

11 36 
1 38 

11 23 

12 5 

11 40 


393-93 
393-50 
393-U9 
393-17 
38417 
384'44 
284'27 
284-39 
293-95 
3934.3 
29319 


5g-5 
G9'2 
S6-8 

67-5 
61-0 

60-5 
60-5 
60-7 
68-0 
61-0 
59-5 


39316 
393-53 
293-39 
293-33 

284-08 
284-38 
284-31 
284-33 
293-08 
393-34 
393-21 


Dublin 

Bangor 

Dublin - 


July 34 

— 35 

— 25 
Mean, . 

Sept- 21 
Oct. 3 

— 3 

— 3 
_ 4 

Mean. 


8 30 

9 
S 40 

11 10 
9 9.i 
9 45 
2 55 
1 15 


203-22 
292-25 
293-57 
392-68 
395-28 
291'03 
291-a4 
291-37 
291-73 
291-34 


590 
540 
55-5 
56-3 

49-fi 
44-5 
44-5 

49-6 
53-5 
48-0 


293-29 
292-69 
39290 
292-96 
29604 
293-15 
293-37 
293-13 
292-30 
293-21 


London 

Dublin 


junei.ieaa 

Mean. 
Mean. 


10 31 

11 4 

3 42 
1 42 


284-17 
284-17 
284-17 

392-88 
292-48 
292-68 


62-0 
B2-0 
620 
670 
63-0 
65 -0 


284-00 
384'OU 
384-00 
393-37 
392-26 
392-31 



Correction of t/ie Results. — ^The first correction that seeuiB 
■' to be required is in the series of results obtained in the North 
of Ireland, in the autumn of the year 1834. On a comparison 
of the times of vibration of cylinder L (A) in Dublin, at the com- 
mencement and end of that series, it will be seen that the mag- 
net sustained a loss of force ; and an attentive examination of 
the other parts of the series shows that this loss occurred im- 
mediatelp previous to the final observation in Dublin. This 
fact will be seen very evidently by means of the following table, 
which contains the corrected rates of the two cylinders, and the 
deduced values of the intensity compared with the intensity in 
Dublin at the time of the iniiial observation. The results ob- 
tained with the two cylinders present a very close agreement, 
except in the final observation. 
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Table LXVIII. 



Station. 


L(a). 


L(6). 


Time. 


Intensity. 


Time. 


Intensity. 


Dublin 


• 

243-90 
246-88 
248-10 
248-51 
248-42 
243-92 


1-000 
•976 
•966 
•963 
-964 

1-000 


• 

292-74 
296-40 

297-71 
298-22 
297-83 
293-62 


1-000 
-975 
•967 
•964 
-966 
-994 


Armaeh 


Cam 


Strabane 


Enniskilleii 

Dublin 









Hence, instead of comparing the other results of cylinder L (A) 
with the mean of the initial and final observations in Dublin, 
they are to be compared with the initial observations alone ; the 
final observations not being comparative with the rest of the 
series. The loss of force sustained by the cylinder L (6) being 
•006, the amount of the correction is 

SA= --003 X A; 

h denoting the horizontal intensity, as originally deduced^ and 
SA its correction. 

A correction of a similar kind (that is, depending on the rate 
of vibration at the base station) seems to be required also in the 
series of results obtained in the west and south of Ireland in 
the summer of 1835. In reducing the observations of this series, 
I had taken as the Dublin time, the mean of the initial and final 
times, without regarding the number of separate observations ; 
but, if we suppose the difference between these times to be owing 
to errors of observation, or to vmy fluctuating source, it is ma- 
nifest that we should take, as the Dublin time, the mean of the 
separate results themselves. This seems to be the proper course 
in the present instance. The initial time is the result of a sin- 
gle observation only, and that taken under the disadvantage of 
an unusually high temperature ; so that the difference between 
it and the final time (which difference is nearly the same for the 
two cylinders) is probably due either to the irregular fluctuations 
of the horizontal intensity, or to error in the coefiicient of the 
temperature correction. 

It is easy to determine the amount of the required correction. 
If T denote the time of vibration at any station, T' that at the 
base station, and h the ratio of the horizontal intensities, 

rpf2 



A=: 



rjH • 
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Hence if ST' denote the small correction in the value of T', and 
S h the corresponding correction of h, 

Bh _ 2ST 
A "" T' • 

To apply this in the present instance, we have 

I. (a) L (&) 

s s 

Mean of separate observations . . . 243*43 293*18 
Mean of initial and final results . . 243*29 293*06 
Correction of T', or S T' -f014 +0*12 

Resulting value of -^ -f *001 1 + *0008 

The corrections here obtained are applied to all the results 
of the series (Aug. 19, to Sept. 15, 1835) in Table LXVIII. 

Values of the Intensity at the Base statio7ts. — ^The following 
is a summary of the comparisons of the horizontal intensity in 
London, Dublin, and Limerick, as contained in Table LXIX. 

Horizontal intensity in Dublin, referred to London : 

July, August, 1835. Cyl. R c Int. = -9456 

— — — — Rrf— = *9421 
Sept. Oct. Nov. 1835. —ha — = -9354 

— — — — — L&— = -9348 
April,May, 1836. —La — =-9367 

— — — — L/j— = -9392 
June, Aug. Oct. 1838. — La — = *9340 

— — — — — LA— = -9440 



Mean = -9390 



Horizontal intensity in Limerick, referred to London : 

July, Aug. Sept. 1834. Cyl. S b Int. = -9396 

July, 1835. — Sb — = -9470 

July, August, 1835. — Re — == -9461 

July, August, 1835. — Rd — = *9513 

Mean = •9460 
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Horizontal intensity in Limerick, referred to Dublin : 
October, 1834. 

July, Aug. 1835. 

Aug. Sept. 1835. 

Nov. Dec. 1835. — 



Cyl. 


La 


Int. 


= 1-0075 





L6 




= 1-0015 




Re 


— 


= 1-0005 


— . 


Rd 




= 1-0098 





ha 


^— 


= 1-0039 


— 


LA 


— 


= 1-0055 




La 




= 1-0001 





LA 

• t a • 1 


• • . • 


= 1-0021 


I . . 


= 1-0039 



Now, the comparison of Dublin with London and with Li- 
merick being each the mean of eight separate comparisons, 
while that of Limerick and London is deduced from four only, 
we have (see Fifth Report, p. 133.) 

A = 2B = C. 
Hence the formulae of page 134 become 

iia^+c^+l' ^ i(a* + c*) + l^ 
but a=-9390, A=:-9460, c=l-0039; 

c, = -=10075, Cy— c=-0036: 

and, substituting these values, 

S ,r= +-0009, Sy= -'OOi; ; 
a:=aH-5a:=-9399^ 
y = A-f 8y = -9443. 

The numbers in the 6th column of the following table are 
deduced from those of the 5 th, by multiplying by one or other 
of these numbers, according as the station has been compared, 
in the first instance, with Dublin or with Limerick. 

It will readily appear, from the principles laid down in pages 
95 et seq., that the weights of these determinations are ex- 
pressed by the formulae 

X=A+«S4, Y=B+ ^C 



Ba*+C' ^ ^A«»+Cc»' 
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Now, A=C = 8, ^-—4; eubstUutuig these values, and those of 
"j *> P> jpven above, we have 

X = 10-8, Y=8-2; 

the weight of a single comparison being unity. 



Tablb LXIX. 

IntenBity of the Horizontal Force. 



^^0.. 


D.«. 


Crl. 


»». 


Hor. Int. 


(LoS™li.) 


Lim«ick 


1H34. 
July, Srpt, 
Aug. 20-27 


i: 


5 
20 




-9396 
1-0000 


London 




SeoL Oct. 

— S. Oct. g 

— B. — 8 

_ le 

— 17 

— 17 

— 27 

— 87 

— 37 
Oct. 4 

— 1 
_ 4 

— 13 

— 17 

— 19 


Si 
La 
Lb 
Si 
La 
Li 
Si 
La 
Li 

Si 

La 

Li 
Si 
Si 
Si 


3 
2 
3 

I 


1-0000 
1-0000 
HMKIO 
I'OOIO 

■9954 
1003a 
1-0110 
I -Olio 

■SS97 
1-0039 
1-0086 


\ 


'9413 
-U441 
-95 U 

-9503 

-9427 

■9821 
■9530 












1-0104 
1-0093 








Dec. 2 
_ 10 


Si 
Si 


1 


1-0157 
1-OOUO 


■9591 
■9443 








Oct, I0-2S 

— B 

— 8 

— 13 

— U, IS 

— 14, 13 

— 18,80 

— 31 

— 31 

— 23 
-23 

— 21 

— 34 


Lfl 
Li 
Lfl 

Li 
Li 
La 
Li 
Li 

La 
Li 
La 
Li 
La 
Li 


C 

2 

2 
1 
3 
2 

3 

1 
1 

1 


100001 
lOOOOf 
l'O075 
1-0013/ 
■9868 
■9761 1 
■9754/ 
■9870 ' 
■96651 
■9689/ 

■9638]' 


-9399 
-9441 
■9375 
■9173 

■9277 
■9086 
-9056 
■9070 


















■yoBi 
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SUtion. 


Date. 


Cyl. 


No. 


Hor. Int. 


Hor. Int. 
Londons^l. 


Tjondon *. ...••. 


1835. 
July 4-7 
July 8-201 
Aug.28-31 J 
July 27, 28 

27 29 

29-31 
Aug. 16 

14 

19 
— 19,20 


Sb 

lie 

Rd 

Sb 

Re 

Rd 

Re 

Rd 

Re 

Rd 


12 

25 

14 

2 

10 

11 

3 

3 

3 

3 

5 
4 
1 
2 


1-0005 
1^0098 
1-0000 
1-0000 
-9531 
•9558 


1-0000 
10000 
10000 
•9470 
•9461 
•9513 
•9456 
•9421 
•9012 
•9005 


Limericlc ............ 


Dublin 


IVf arkree 




Dublin 

IVTarkree ............ 


Aug. 19 1 
Sept. 12-15 / 
Aug.21 

— 21 

— 22 

— 22 

— 24 

— 24 

— 25 

— 25 

— 26 

— 26 

— 27 

— 27 

— 28 

— 28 

— 29 

— 29 

— 31 

— 31 
Sept. 1 

— 1 

— 2 
2 

— 3 

— 3 


La 
Lb 
La 

Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 
La 
Lb 


1-00001 
1-0000/ 
•95801 
•9566/ 
•9545 1 
•9517/ 
•9497 1 
•9454 / 
•9576 1 
•9552 f 
•9621 1 
•9636 / 
•97771 
•9781 / 
•9995 '' 
•9977 ' 
b0039 
10055 ' 
10211 
10294» 
1^0125 1 
10115/ 
10215 1 
10246 ' 
1-0013' 
10035/ 


•9399 

•8998 

•8959 

•8906 

•8990 

•9051 

•9191 

•9386 

•9443 
•9597 

•9512 
•9615 
•9422 


Ballina 


Rplmullet 


Achill 


Leenan 


Ouerblerard 


Jilnnis ......a. 


Limerick 


Cork 


Waterford ••••• 


Broadway • 


Ratbdrum ........*... 




London 


Sept. 19-22 1 
Oct. 23,24 ' 
Sept. 12-15 
Nov. 5, 6/ 


La 
Lb 
La 

Lb 


6 




10000 

10000 

•9354 

•9348 


Dublin 




Dublin 


Nov. Dec. Jan. 
Nov. Dec. Jan. 
Dec. 19-23 
— 19-23 


La 
Lb 
La 
Lb 


8 
7 
3 
3 

3 
3 
5 
5 


1-0000 
1-0000 
10001 
10021 




Limerick 




London 


Apr. 19-22 

1836. ' 
Apr. 11-15 
May 7-9 ' 


La 
Lb 
La 
Lb 




10000 

10000 

•9367 

•9392 


Dublin 





* Disturbing influence suspected in tbis observation : the result bas been ac- 
cordingly omitted in deducing the number in the last column. 
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1?3 



«,«... 


D.,.. 


C,l, 


.„. 


H«r. Int. 


Hor. Int. 
lLondoii=l.) 




183G. 
July 34, 251 
Oct. 3, i J 
SepLSl 
— 31 


La 

Lb 
La 
Lb 


6 

7 


1-00001 
1-0000 
-9710' 
■976S 


■831)9 
■9154 






London 


Tunc I.Oct. 1.1,1838 


La 

Lb 
La 
L4 


3 
3 
3 




1-0000 
1-0000 
■9340 
■9440 





The following table contains the reaiiltiiig values of the Iiori- 
zontftl intensity, those of the total Intensity thence deduced, 
and the latitudes and longitudes of the stations. The valtieG of 
the dip employed, in deducing the total from the horizontal 
iuteiisities, will be found in Table XXXVI. 

T.4BLE LXX. 



suiion. 


I-t. 


Long. H 


r.IiiL 


Total Int. 




5°3il 

62 40 
53 30 

51 45 

63 3 

53 52 
S9 47 

52 20 

62 7 

54 3 

54 31 

55 8 
BS 13 
54 49 
54 21 
S4 13 
54 7 
54 13 

63 SB 
58 3G 
63 86 
63 61 
61 54 

53 16 

63 13 
53 65 

64 39 


835 
9 41 
9 31 
9 31 
8 43 

7 41 

5 10 

6 11 
6 39 

6 40 

7 16 
7 2H 

7 88 

8 311 

9 7 
9 57 
9 52 
9 40 
9 IS 
8 58 
8 26 
7 8 
6 24 
G 14 
5 43 


M43 
9441 
»51l 

9503 
9437 
9S24 
»530 
0591 
9375 
9172 
B277 
9086 
9056 
BO70 
8998 
8969 
8908 
8990 
9031 
9191 
9386 
9597 
9513 
9«15 
9422 

9i.';4 


1-0203 
1-0360 

1-0363 
1-0300 
I-08I8 

1-0259 
I-0879 
1-0273 
1-0250 
1-0346 
1-0303 
I-03S1 
1-0316 
1-0313 
1-0274 
1-0308 

1-0370 
1-US36 
1-0209 
1-0194 
1-0137 
1-0266 








Killnrney 















































Of these results, those obtained sit Teii[plcinore, Carlingford, 
and Coleraiii, are not included in the coiupututioii of the lines. 
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being manifestly affected by disturbing action. The disturb- 
ance at the two latter stations is obviously due to the presence 
of trap rocks. 

In deducing the lines of total intensity^ I have been guided 
by the principles laid do\vn in page 95 and seq.^ and have ac- 
cordingly assigned double weight to the results in Dublin and 
Limerick, the weight of each of the other comparisons being 
taken as unity. The results of the computation are as follows : 

L= 1-0268, M= 4- -0000748, N= +'0000501 j 
w= — 33° 48', r= -0000900 ; 

L denoting the intensity at the central station (Lat. = 53® 21', 
Long. = 8° 0'), the intensity at London being unity; M and N 
the increase of the intensity, corresponding to each geographical 
mile of distance in the direction of the two coordinates ; n the 
angle which the isodynamic line, passing through the central 
station, makes with the meridian ; and r the increase of the 
intensity in the direction perpendicular to that line. 

The lines of horizontal intensity rest upon a somewhat 
broader basis, there being four stations where the horizontal 
force was observed without the dip. In deducing them, I have 
given a weight of two to the results obtained at Dublin, Lime- 
rick, and Markree, tlie weight of each of the other determinations 
being unity. We find, accordingly, 

L=-9290, M= --000190, N=- -000368 5 
w= '-Q2'' 40', r= '000414. 



Captain Ross's observations are contained in the following 
table. They were made in the autumn of the year 1838, with 
a single cylinder, designated as R (X) in the following pages* 
The stations are twelve in number, and are distributed uniformly 
over the island. The permanency of the magnetism of the 
cylinder during this series, and its time of vibration at West- 
bourn Green, near London, have been already shown in 
Table LXIII. 
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Table LXXI. 



station. 



Waterford . 
Cork 



Date. 



Hour. 



Valencia Island 
Killarnej 



Limerick 



Shannon Harbour ... 



Dublin 



Armagh 

Londonderry 
Markree .... 



Westport 

£dgeworth*s Town 



1838. 

Oct. 3 

— 4 

— 6 

— 7 

— 8 

— 12 

— 13 

— 17 



18 
19 
22 

23 

26 

29 

30 

1 

2 

5 

6 

10 

11 

13 

14 

19 

20 



Therm. 



Nov. 



h. m» 

42 3 p.m. 

10 17 A.M. 

5 32 P.M. 

11 40 A.M. 

38 P.M. 
11 26 a.m. 

10 26 A.M. 

11 2 A.M. 

11 40a.m. 

2 3 A.M. 

10 22 a.m. 

11 8 A.M. 

Noon 

8 41 A.M. 

11 6 A.M. 

9 35 A.M. 

10 14 A.M. 

11 28 A.M. 
11 51 A.M. 

7 59 A.M. 

8 30 A.M. 
4 32 P.M. 
8 44 A.M. 

11 41 A.M. 
11 13 A.M. 
11 17 A.M. 

4 13 P.M. 
32 P.M. 

11 15 A.M. 

15 P.M. 

10 59 A.M. 



o 
56 

56 

54 

63 

54 

54 

53 

52 

52 

52 

58 

60 

62 

54 

57 

50 

52 

50 

50 

40 

41 

42 

43 

52 

51 

44 

43 

45 

42 

45 

44 



Time of lOO 
Vibrations. 



287-18 1 

287-35 / 

285-431 

286-47 V 

286-08 J 

286-83 1 

286-68 / 

286-75 

286-96 

286-65 

286-87 

288-33^ 

288-47 I 

287-98 ' 

288*18 

290-35 

290-52 

288-821 

288-78 

287-95 

28813 

292* 

292-17 

295-18 \ 

29507 J 

294-33 1 

294-33 / 

293-97 1 

293-70 / 

291-001 

291-28/ 



Mean 

reduced to 

Temperature 

60. 



8. 

287-45 
286-20 
287-07 

287-17 

288-33 

290-88 

289-12 

292-95 
295-55 
295-16 
294-66 
292-04 



The following table contains the resulting values of the hori- 
zontal intensity; those of the total intensity thence deduced^ 
and the latitudes and longitudes of the stations. The dips 
employed in deducing the total from the horizontal intensities^ 
are given in Table XXXIX; the London dip used in the com- 
putation is the mean dip at Westbourn Green (Table III.), 
reduced to the mean epoch of the present series. 
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Table LXXII. 



Station. 


T^t. 


Long. 


Hot. Int. 


Total Int. 


Waterford 


5I 16 
51 54 

51 56 

52 3 

52 40 

53 14 

53 21 

54 21 

55 
54 12 
53 48 
53 42 


? 8 

8 26 
10 17 

9 31 
8 35 
7 52 
6 16 

6 39 

7 20 

8 26 

9 29 
733 


•9493 
•9576 
•9517 
•9511 
•9435 
•9270 
•9383 
•9140 
•8979 
•9003 
•9034 
•9196 


1^0205 
1^0239 
1^0285 
1-0271 
1-0262 
1^0287 
1^0205 
10296 
1^0314 
10321 
1-0345 
1-0264 


Cork 


Valencia 


Killarnev 


Limerick 


Shannon Harbour ... 
Dublin 


Armash 


Londonderry 


Markree 


Westport 


£dgeworth*s Town ... 



In deducing the values of L, M, N, equal weights have been 
assigned to all the results. The following are the values ob- 
tained for the lines of total intensity. 

L=l-0276, M = +'0000858, N=--00(X)67l; 
u= -38^ (/, r=-000109. 

For the lines of horizontal intensity, we find 

L=-9269, M= --000138, N= -•000379; 
w = - 70° tf, r = •000403*. 



2. Satical Method • 

Additional Observations. — ^The observations made according 
to the statical method since the printing of the Irish Magnetic 
Report, consist of my own observations in London and Dublin, 
in the year 1836; Major Sabine's observations in Limerick, 
Dublin, and Bangor, in the autumn of the same year ; a com- 
parison of London and Dublin, by the same observer, in the 
year 1838; and a series of observations, at eight distinct sta- 
tions, made by Captain James Ross, towards the close of the 
latter year. The details of my own observations, and of those 
of Major Sabine, are given in the following tables. Captain 
Ross's observations, as before, will be considered separately. 
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Table LXXIIT. 



Mr. Lloyd's ObBervations, Needles L 3 and L 4. 



HtmOt. 


aucon. 


!..«. 


hour. 


T^p. 


Angle. 






April 11, 1836. 


13 IB 


s'^-s 


-fs 3S-4 




Dublin 


— 15 


12 m 


53-0 


-15 3-e 






Mean. 


12 21 


55-3 


-15 13-5 






April l!l 


1 


65-8 


-18 43-5 




London 


— 21 


a 58 


58-5 


- 18 47B 




— 33 


13 30 


59-3 


-19 SO 


1 




Mean. 


1 39 


57-8 


-18 53-4 




May 7 




57-2 


-16 33-5 






— 9 


I 25 


60-0 


-15 53-5 




Dublin - 


Mean. 


I 38 


586 


-15 63-5 




Aug. 5 


3 60 


61-8 


-15 63-8 






— e 


2 35 


G7-8 


-16 9-2 







Mean. 


3 13 


64-8 


-16 1-5 




April 11, 1B36. 


13 43 


57'8 


-13 3S-4 




Dublin 


- 15 


13 8 


536 


-13 31-0 






Menn. 


13 33 


55-6 


-13 33-7 






1 April IS 


1 38 


56-8 


-IS 31-9 




London 


- 21 


2 37 


58-5 


-18 59-9 




_ 2i 


12 U 


60-5 


-IB 57-6 






Mean. 


1 ar, 


58-8 


-IB 49-8 






May 7 


1 10 


56-3 


-13 325 






— 9 


13 30 


fiO-5 


-13 ie-4 




Dublin 


Mean. 


1 


38-5 


-13 30-5 




Aug. 5 


3 38 


61-8 


-13 43-6 






- G 


9 10 


8Q-5 


-13 34-4 






Mean. 




64-2 


-13 39-0 
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Table LXXIV. 

Major Sabine's Observations, Needle S 2. 



B^aan. 


««e. 


Tanp. 


Angle. 




July 15, 1838. 


^%-!> 


-1°7 33-8 




— 15 


570 


-17 25-9 


Limerick 


— 18 


59-8 


-17 21-5 




Me»>. 


58-3 


-17 28-7 




Jnly 3S 


64-0 


-18 31-6 




— 32 


56-0 


-18 28-1 


OnbliD 


— 23 


57-6 


- 18 22-7 




Mean, 


fi-VS 


-18 27-5 


Di^n ........ 


Sept. 21 
Oct. 4 
June 1, 1837. 


50-0 
49-0 
fiSfl 


-18 65-9 
-19 53-3 
-17 52-1 






— 1 


58-0 


-17 58-8 




Jol/ 25 


7*0 


-18 7-4 




— 35 


73-0 


-18 0-5 




Mean. 


64-8 


-17 592 


London 


Not. U 


SOK) 


-17 12-8 




— 14 


aoK) 


-17 14-7 




~ 18 


37-0 


-IB 53-7 




— 18 


370 


-16 526 




— 16 


37-0 


-17 0-8 




Mran. 


42'2 


-17 2-9 




July 31, 1838. 


flfl-O 


-14 29-1 




- 31 


65-0 


-14 29-7 


Dablin 


Aug. 2 


66-0 


-14 19-8 


— 3 


67-0 


-U 29-S 




— 3 


67-0 


-14 28-0 




M«an. 


66-0 


-14 2B-8 




Oct. 12,1838. 


48-0 


-17 321 




— 12 


48-0 


-17 33-9 




— 13 


48-5 


-17 183 




— 13 


46-5 


-17 28-8 




Mean. 


47'3 


-17 27-8 



Correction of the Results. — The only correction which Reems 
neceasar)' in the results already recorded is that due to the ef- 
fect of temperature upon the needle S 2, the temperature -cor- 
rection of that needle liaving been obtained by Major Sabine 
subsequently to the publication of the Irish Magnetic Report. 
This correction is small, the coefficient in the logarithmic for- 
mula being only •000024*. The corrected results are given in 
Table LXXV. 

As the expression of the intensity deduced by the statical 

method is a function of the dip, as well as of the inclination of 

the needle when loaded, it may be necessary to show that the 

changes in the dip-corrections of the needles (page 104 Rnd seq.) 

• Sixth Keport, p. 108. 
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can liRve no sensible effect upon the deduced values of the in- 
tensity - 

The ratio of the intensity at any station to that at the base- 
station being denoted by 0, ive have (Fifth Report, p. 14?,) 



^ ~ cos e, sin (S - ^} ■ 
Hence, supposing S and S, to vary by any small and equal amonnt, 
A h, the corresponding variation of will be expressed by the 

formula 

^ = {cotan {S, - e,) - cotan (3 - ^) } A S. 

Now the quantity, A S, is very small, and (where the station!! 
are not widely separate) the coefficient by which it ia multi- 
plied is likewise small; for such stations, then, the result- 
ing value of -^ ia inconsiderable. On substituting the nume- 
rical values of h, B„ 6, 9„ for the extreme stations of the present 
series, it will be seen that the correction does not atfect the fourth 
place of decimals. 

fealties of the hitensily at the Base stations, — The following 
is a summary of the comparisons of the intensity at London, 
Dublin, and Limerick, as contained in Table LXXV. 



i 



Intensity at Dublin, referred to London : 
Aug. Sept. 1834 . . . Needle L4 Int. = 

Sept. Oct. Nov. 1835 . — L4 — = 

April, May, 183S ... — L 3 — = 

Vpril, May, 1836 . . . — L4 — = 

fune 1837, Oct. 1838 . 



1-0194 
1-0212 
1-0194 
X-0189 

S 2 — = 1-0183 

Mean . . = 1-0194 
Intensity at Limerick, referred to London : 
'une, July, Aug. 18^4 . Needle L 4 Int. = 1-0262 

Intensity at Limerick, referred to Dublin : 
Aug. Sept. 1835 ... — L 4 Int. = 1-0030 

July 1836 . . . 



— S2 
Mean 



= 1-0062 



= 1-0 



l^e have therefore (Fifth Report, p. 148), 
0= 1-0194, A = 1-0262, c= 1-0046; 
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Substituting these values in the formulae of page 134 (Fifth Re* 
port), we find 

S^ = + -0003, 8y = - -0012 ; 

t/=zb + St/:=i 1-0250. 

The results iu the 6th column of the following table are deduced 
from those of the 5th, by multiplying by one or other of these 
numbers, according as the station has been originally compared 
with Dublin or with Limerick. 

The weights due to the preceding determinations are given 
by the formulae of page 170. Substituting the numerical values 
of A, B, C, &c., we find 

X = 57, Y = 2-4; 
the weight of a single comparison being unity. Adopting the near- 
est whole numbers, we may consider the deduced value of the in- 
tensity inDublin as equivalent to the result of ^urseparate compa- 
risons; and that of the intensity in Limerick as equivalent to two. 

Table LXXV. 
Intensity of the Total Force. 



station. 


Date. 


Needle. 


No. 


Intensity. 


Intensity. 
(London^:!.) 


London 


Aagust, 1834. 
June, July. 
S?pt. 22 29. 


L 4 


3 
3 
4 




1-0000 
1-0262 
1^194 


Limerick «... 


Dublin 


Dublin 


Sept. Oct. 
Oct. 13. 

— 14,15. 

— 20. 
21. 

— 23. 


L4 


5 

1 
2 
1 
1 

1 


10000 
1-0166 
1-0044 
•9997 
1-0151 
lOlOO 


1-0197 
1-0366 
1-0242 
1-0194 
1-0351 
1-0299 


♦Carlingford 

Armagh.... 


*Colerain 


Cam 


Strabane 




Dublin 


Aug. Sept. 1835. 
Aug. 21. 
22. 

— 24. 

— 25. 
28. 

— 28. 

— 29. 

— 31. 
Sept. 1. 

— 2. 
3. 
3. 


L 4 


5 

1 
1 
I 

1 
1 
1 
1 
1 
I 
1 
1 
1 


1-0000 

1-0091 

10077 

10093 

10096 

10086 

1-0055 

1-0030 

-9992 

•9966 

•9976 

•9933 

•9944 


1-0197 
1-0290 
1-0276 
1-0292 
1-0295 
1-0285 
1-0253 
1-0229 
10189 
1-0162 
1-0173 
1-0129 
1-0140 


Markree. 


Ballina 


Belmullet 


Achill 


Galway 


£nnis 


Limerick 


Cork 


Waterford 


Broadway 


Gorey 


Rathdrum 




London 


Sept. Oct. 1836. 
Sept. Nov. 


L. 4 


6 

7 




1-0000 


Dublin 


1 1-0212 1 




1 


1 



* Evident local disturbance at these two stations. The district about Car^ 
lingford is intersected with trap dykes ; Colerain lies within the basaltic field 
of the North East of Ireland. 
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BUEIOD. 


!..«. 


N«,>c 


so. 


Intenalt,. 


(i"S&. 




July, Dec 1835. 
No.. 8. 

— 12. 

— 18. 
Dec. 10. 


S. 2 




I'OOOO 
I'WtSS 
10043 
1-0091 
1-0031 


1-0250 
10335 
1-0294 

1-0343 
l-(S32 


ValeocU .. 










Dee. Jan. 1836. 
Dee. 29. 


S.2 


3 
2 


I -0000 
■9970 


i-oaso 

1-0219 








April, 1836. 

April, May. 
April. May. 


L.3 
L.4 
L.3 

L.4 


3 
3 

4 




1-0000 
1-0000 
1-0194 
1-0189 








July 15. 16. 
— 22, 23. 


S.2 


3 
3 


I'oosa 

I'OOOO 










Oct. 4. 
Sept. !1. 


s. a 


1 


1-0000 
1-O0J9 


1-0197 
10257 








Iunel837,Oct.I83a 
July, Aug. 1838. 


S. 2 


13 
5 




1-0183 







The foliowiiig Table contains the resulting values of the In- 
ensity at each station, with the latitudes and longitudes of tlie 
tntions. 



Table LXXVI. 



»,l... 


^. 


Long. 


■„..-,. 


suilon. 


L... 


....[.-,. 




5^21 

53 40 
64 2 

54 21 

55 S 
55 15 
54 4S 
54 12 
54 7 
54 13 

53 sa 

53 17 


gi's 

8 35 

6 11 
8 39 
840 

7 15 

7 28 

8 28 

9 7 
9 57 
9 52 
9 4 


1-0197 
1-0350 
1-0386 
1-0342 
1-0194 
1-035! 
1-0299 
1-0390 
1-0278 
10292 
1-0295 
1 -0-285 




5l51 

51 54 

52 IG 

53 13 
53 40 
52 55 
52 30 

51 68 

52 8 

53 53 


8 ai 1 1-0353 
8 26 1-0189 

7 8 1-0182 

8 34 1-0173 


LimaicL 

Carlingford.. 

Cain '.'.'.'.". 

Marliree 

BalliDD 

BelmuUet.... 




Waterford ... 
Broadway ... 


Ralhdrom ... 
Bflllybunian.. 
VaUnlU 


6 14 
9 41 

10 17 
10 17 
8 43 

7 50 
5 43 


10140 
10335 

1-0294 
1-0343 
1-0282 
1-0219 

1-0257 


Kiltanon 

Youghal 

Bangoi- 


Galway. 


54 39 



Of the foregoing results, those obtained at Carlingford and 
olerain are not included in the deduction of the isodynamic 
[les, on the grounds already stated. To all the others equal 
eights have been assigned j the local error bearing so large a 
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proportion to the error of observation, that the resulting pro- 
bable error is but slightly diminished by the multiplication of 
the observations. 
The following are the results of the calculation : 

L ss 1-0252, M = + -000095, N = + -000058 ; 
« =3 - 3r 20^, r = -000111 ; 
the central station being the same as before. 



Captain Ross's observations of intensity (according to the 
statical method) were made in the autumn of the year 1838, 
with two needles designated as R L 3 and R L 4. They are 
contained in the following Table. 



Table LXXVIl. 



Needle B L 4. 


station. 


Date, 


Hour. 


Tem^ 


Angle. 


London ......... 


July 10 1838 

— 12 

— 12 

Mean... 
Oct. 4 


h m 
5 

4 

5 
4 40 

11 

12 
11 30 

4 20 

5 40 

15 

1 35 

2 58 

30 

1 20 
11 


12 

15 

2 

1 8 

40 

2 

1 20 
10 10 
U 
10 35 

45 

2 

1 22 
8 
4 30 

3 45 


eS 

72 

72 

70-7 

57 

57 

57-0 

58 

56 

80 

60 

58*5 

53 

53 

51 

51 

520 

59 

59 

59-0 

61 

61 

610 

52 

52 

52-0 

49 

49 

49K) 

47 

47 

47-0 


- 13 33-2 
-13 32-7 

- 13 30-7 
-13 32*2 

- 9 42-» 

- 9 39-0 

- 9 40-6 

- 9 22-9 

- 9 24-9 
-. 9 36*0 

- 9 391 

- 9 30-7 
^ 8 36^ 

- 8 210 

- 8 12*1 

- 8 13-8 
-. 8 20-8 
^ 8 44^ 
^ 8 44*0 

- 8 44-2 
^ 8 48<« 
^ 8 51^ 
-850^ 
-9 34-8 

- 9 38-7 

- 9 34'0 

- 5 27-a 

- 5 34-0 

- 5 30-8 
--13 28-8 
^13 28-0 

- 13 28-4 


Waterford 

Cork 


— 4 


Mean... 
Oct. 6 


Valencia ...•••... 


— 6 


— 7 


— 7 ., 

Mean... 
Oct. 12 

— 12 

— » 13 


KUlarney 

Limerick 


— 13 


Mean... 
Oct. 19 


^ 19 


Mean... 
Oct. 22 


DuUin 


^ 22 


Mean... 
Oct. 30 


Londonderry ... 
London 


^ 30 


Mean... 
Nov. 6 


«- 6 


Mean... 
Dec. 4. 




— 4 


Mean... 
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1 


SUIlon. 


..„. 


„..,. 


Temp. 


ADgl€. 






5 30 
OSO 

1 SO 

2 30 
11 30 


11 15 
11 20 

40 


040 

3 

1 20 
3 
3 40 
3 20 


70" 

70 
70 

70'0 

53 

53 

63-0 

51 

51 

51-0 

45 

45 

45-0 

45 

45 

45-0 


- & 3'8-4 

- 27 19 
-27 4-8 

- 26 550 

- 24 27-3 

- S4 22'3 

- 24 24B 

- 22 47-6 

- 22 49-8 

- 32 487 

- 22 1S7 
-23 20-9 

- 23 20-3 
- 26 329 

- 26 30-3 

- 2fi 31-S 








Mem... 


Londonderry ... 




Mean... 




Mean.. 

Not. 14 

— H 

Mean... 








M«n.. 



With respect to these observations, Captain Ross observes : 
"The readings of R L 4 iit Dublin, with the letters on the needle 
to the face of the instrument, gave 5° greater when facing the 
east, and 5° less when facing the west, than the mean of similar 
facings with the needle reversed on its axle. I therefore thought 
that the axle had got some bend, and was totally ruined ; and 
accordingly used R L 3 always in future. But at Londonderry 
I had some spare time, and thought I would try and find out the 
cause of this error, for I was sure it had sustained an injury. 

"At Londonderry the mean of the readings E. and W., with 
the letters to the face of the instrument, was 2j degrees less 
than the mean of similar readings with the needle reversed on 
its axle. I therefore believe that some considerable irregularity 
of the axle, about the point where the needle (with its letters 
to face of instrument) should rest at about — 7°. has occasioned 
this error; and the circumstance of the Dublin observation 
coming out right, is merely accidental. In all other parts of the 
axle that I have tried, its readings agree very nearly with each 
other." 

Under the circumstances above detailed, it seems necessary 
to reject the observations with RL 4 at Dublin and Londonderry, 

The following Table contains the computed results of the 
foregoing observations, and the latitudes and longitudes of the 
stations. In making the computation, no correction for tempe- 
rature has been applied to the results of R L 3 ; the logarithmic 
correction of R L 4 is -000024.* 



fe. 



* See pagw 157 and 156. 
N 8 
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Table LXXVIII. 



s^. 


Ul. 


Lob*. 


imcuUrJ Btuioo. 


Ut. 


Loot. 




W»tefford ... 


S§1'6 
51 54 
5156 
59 3 


S 8 

8 36 
10 17 

9 31 


10197 

nail 

10372 
1-0353 


Limerick 


Si 40 
53 21 
55 
63 48 


§35 
6 IS 
720 
929 


1-0243 
1-0186 
1-0301 
1-0829 


V«lenUa 

KilUmey 


'^^::::. 



Id deducing the position of the isodyiiamic lines from these re' 

suits, equal weights have heeu assigned to all, for the reason al 

ready given. The following are the results of the computation: 

L = 1*0256, M = + -000091, N = + -000067 ; 

w= — 36=29', r= -000113. 



The results which have been above obtained respecting th 
position of the isodynamic lines in Ireland, are combined in th 
following Table : 

Table LXXIX. 



Otaerren. 


MellKd. 


^Si^ 


L. 


«■ 


». 


Uoyd, Sabine, Ross. 
Lloid, S«bine . 


Hor. Vibr. .. 

Stttieal.. 

Hor. Vibr. ... 


20 
22 
12 

8 


1-02S8 
1-0262 
1-0876 
1-0266 


■000075 
■000095 
■000086 
■0D009I 


-000060 
•OO00S8 
■000067 
■000067 











In deducing the mean values from the preceding result 
we cannot, consistently with the character of the observation 
assign to each a weight in proportion to the number of statioi 
from which it is derived. If we compute the probable vain 
of the intensity at each station, and compare it with that o] 
served, we shall find that the differences are in general small) 
in Captain Ross's observations than in those of the two earlit 
series ; so that the individual results are entitled to a grea^ 
weight. This superiority is due, in great measure, to the ci 
cumstance that, in the latter series, all the observations wei 
taken by the same observer, with the same instrument, ac 
about the same time. On instituting a similar comparisc 
between the results of the two methods, it will be found tha 
in Captain Ross's two series, the weight due to the results . 
the statical method is very nearly double of that in the methc 
of vibra^on ; tlie probable errors being, nearly, in the ratio i 
1 to '/Z. The same disparity between the methods is m 
found in the results of the two earlier series, a fact whk 
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Tation for a particular line should fall nearer to an adjacent 
seems to be fully accounted for by the imperfection of the 
instrument used by me in the statical observations, the effect 
of the magnetism of the hmb (page 106 ei seq.) being in this 
case uncorrected. 

The equations of condition afford the means of deducing 
the weights of the preceding resultSj on the supposition that 
there is no constant error. But as this cannot be supposed, 
we are left to a certain extent unguided. On the whole, we 
shall probably be not far from the truth in assigning equal 
weights to each of the former results, notwithstanding the 
disparity in the number of stations. The following are the 
mean values thus deduced : 

L = 1-0263, M = + -000087, N = + -000061. 

Accordingly, the probable value of the intensity at the central 
station (lat. = 53° 21', long. = 8° CK) is 

1-OI2G3. 
And from the mean values of M and N we obtain, for the di- 
rection of the isodynauiic line passing through that station, 

M= — 35°0'; 
ai»d fur the rate of increase of the intensity in the direction 
perpendicular to that line, 

(■ = -OOOlOfi. 

In order to reduce the intensity results of the present survey 
to absolute measures, it is only necessary to determine the ab- 
solute intensity of the magnetic force at some one of the base 
stations, according to the method of Professor Gauss. This 
will be done, ere long, in Dublin ; and it is therefore important 
that the ratio of the intensities in Dublin and London (with 
which latter station all the others are compared) should be ac- 
curately known. 

For the determination of this ratio we have abundant mate- 
rials in t!ie present memoir. The ratio of the horizontal inten- 
sities in Dublin and London, as deduced from the first series, 
was found to be "9399; the result being equivalent to the mean 
of eleven distinct comparisons. If we combine with this the 
result obtained by Captaiu James Ross, namely, -9383, the 
mean value of the horizontal intensity in Dublin is found to be 

•9398 ; 
the horizontal inUnsity in London being imity. But the dip in 
London corresponding to the mean epocli of these observations 
(the Ist of January, 183?) is 69° 19^-6; and that in Dublin is 
71° 1''2 ; wherefore the total intensity in Dublin is 

1-0201, 
the total intensity in London being unity. 

Again, we have found that the intensity in Dublin, as de- 
duced by the statical method from the observations made by 
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Major Sabine and myself, is expressed by the number 1'0197> 
the intensity in London being unity. The value of this ratio 
obtdned by Captain Ross in 1838 is r0186 ; and the former 
result being equivalent to the mean of six distinet comparisonB; 
the final mean la 1-0195. 

Of these results, deduced by tlie two methods, the difference 
is only "0006 ; and we should therefore err very little from the 
truth in taking their arithmetical mean. But the probable error 
of a single comparison in the latter method is so much less than 
in the former, that we shall certainly be nearer to the truth in 
adopting the latter result. We shall accordingly consider the 
number 1'0195 as expressing the ratio of the intensities of the 
magnetic force in Dublin and London. 



Report resumed by Major Sabine. 
Collecting in one view the values of « and r resulting from 
the several series of intensity observations, we have as follows: 
Tablk LXXX. 





M«hod. 


ObHtrvir. 


£Sp^i 


l»fc.n 0.c«,P»ill. 


- 


'- 




Long. 






Lloyd 

Fbillips ... 


12 


52%'l 


T.^t) 


-.^4 49 






Statical ... 


3J 








■000090 




SutLCnl ... 




30 


B3 36 




-52 27 




England .J 




[Row 1 


















27 


53 43 


2 18 


-47 14 






Statical .. 


[Lloyd ...J 
Mean... 

Sabine 












74 


63 4R 


2 07 


-50 48 


-000088 


19 


56 23 


4 01 


-53 15 


■000136 




Statical .. 


ROSH 


9 


56 63 


2 45 


-40 38 


-O00I06 




Hoi. Vibr. 


Sabine 


21 


56 3U 


4 10 


-55 46 


■000143 




Hor. Vibr, 
Statical .. 


Rose. 

Mean... 

&t::.} 

Ross 


12 


56 5G 


2 58 


-43 32 


■000I3S 


61 


58 40 


3 30 


-50 03 


■000132 


32 


68 SI 


S 00 


-31 20 


•000111 




Statical .. 


8 






-36 39 


■000113 


Ireland.. 




r Lloyd ...I 














Hor. Vibr. 


]rr-j 


2() 








-33 4g 


■000090 




Hor. Vibr. 




13 






-38 00 


■000109 


Mean.. 


63 


53 21 


8 00 


-34 OQ 


■000104 



The values of tt in England and Scotland, or the angle which 
the isodynamic lines in those countries make with the meridian, 
appear to be very nearly the same ; the difference in the mean 
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Telues is much within the order of ihe differences of tlie partial 
results. But the values of r, or the rate of increase of the in- 
tensity corresponding to equal geographical spaces, differ Con- 
siderably, and give a decided indication that the spaces between 
the isodynamic lines are less in Scotland than in England. If 
we examine the partial results obtained in the two countries by 
the different observers, and hy the different methods of obser- 
vation, we perceive that all the series are consistent in this in- 
dication. The linea which are selected for representation in the 
map are those of unity (passing through London), of I'Ol, 1'02, 
and I -03 : the mean distance between the hnes, wliich thus differ 
•01 in the values of the intensity they represent, is in England 
1 16, and in Scotland 75 geographical miles ; the partial results 
vary in England from 106 to I2(i miles, and in Scotland from 
69 to 9i miles. 

Whatever may be the cause of this difference in the value of 
r in the northern and southern portions of the island, it is obvi- 
ously much too great to be tiiken as a regular part of a general 
progression ; as in its extension towards the N.W. and S.E., the 
separation between the lines would in the one case be soon ren- 
dered extravagantly small, and in the other extravagantly great. 
In order to deduce the position of the several isodynamic 
lines in best conformity with the observations, it is particularly 
necessary, under such circumstances, to derive each line from 
those observations only which are in its immediate vicinity; 
and thus to reduce within very small limits the effect on each 
of the rapidly- changing and somewhat uncertain values of r. 
We require, for this purpose, only its approximate values 
in the vicinities of the respective lines ; and without entering 
into nice calculations where we have not a sufficiently satisfac- 
tory basis, we may provisionally assume these values as follows ; 
always remembering, that any inaccuracy in the assumption will 
produce an opposite effect on the deductions from the observa- 
tions which are on either side of each isodynamic line, and that 
such opposite effects will counterbalance each other in the mean 
position assigned to the line. 

Approximate values of r hi England and Scotland, in the vici- 
nity of the several isodynamic lines : 
Line of 1-0 j r = -00008 

.... 1-01; r= -00009 

.... 102; r = -00011 

.... 1-03 i )■ = -000133 
The mean value of r in Ireland, derived from the several 
series in that country, is -OOOlOi or '000105, (page 186,) which 
corresponds so nearly with the value which might be interpo- 
lated from the results inEugland and Scotland for the latitude of 
the central geographical position in Ireland, that we may safely 
take 'OOOIO as a general value for the Irish deductioi 
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If we compare the mean value of u derived from the Irish 
series, — 34° 6' (varying in the several partial results from 

— Sl° SO' to —38" 00'), with its mean values in England and 
Scotland — 50°, (the partial results varying from —40° 38' to 

— 55° 46'), we find, notwithstanding the amount of the partial 
diiferences, a general and consistent indication that the isody- 
namic hnes are less inclined to the meridian in Ireland than id 
Great Britain. The two Irish series which give tlie least values 
for this angle, are those which were the earliest obtained, — 
which had consequently the disadvantages of less experience in 
the observers, and less perfection in the instruments; and of 
combuiing in one series observations at different epochs, and 
results by difierent observers, and with different instruments. 
The two series of Captain Ross were, on the other hand, ob- 
tained by one observer with the same instruments ; were well 
distributed over the country ; and were made in immediate 
and rapid succession. We may therefore safely infer, as Mr. 
Lloyd has done (pages 184, 185), that the values of u derived 
from Captain Ross's series are entitled to weight beyond the 
proportion which the number of the stations wliich they repre- 
sent bears to the number of stations in the other Irish series. 
Still the difference in the angle with the meridian in Ireland and 
in Great Britain cannot, in any consistency with the observa- 
tions, be less than several degrees. I have employed — 35°, 
the value deduced by Mr. Lloyd, pages IS't and 185, as the 
general mean value of u in the Irish deductions. 

If we compare generally the mean results of the horizontal 
with those of the statical series, we are not able to discover any 
apparent systematic differences whatever in regard to the values 
of K and r. The individual observations by the horizontal me- 
thod do indeed exhibit much greater discordances with each 
other than is the case in the statical method. This has been 
already shown in detail in the analysis of the observations by 
the two methods in Scotland, in pages 20, 21, of the Sixth 
Report of the British Association : and Mr. Lloyd has else- 
where pointed out the causes of the advantage in this re- 
spect of the method for which we are indebted to him. Al- 
though, therefore, the accordance of the two methods, when 
the observations are grouped, is a satisfactory confirmation of ] 
the conclusions which they unite in establishing, the horizontal 
observations are less fitted than the statical to be employed in 
a graphical representation of the particular nature adopted in 
this report, in which the discordances of individual observa- 
tions are brought strongly into notice, and if exceeding a cer- 
tain limit might produce inconvenience, by in some degree 
perplexing the judgment. In extreme cases they might entirely 
mislead it; as, for example, if the point furnished by an obser- j 
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line ttan to the one to which it really belongs; and this will 
occur whenever, from accidental causes of any kind, the dis- 
cordance exceeds in amount half the interval between the lines 
which are represented. Such extreme cases are frequent in the 
horizontal observations ; but are of very rare occurrence in the 
statical. Of the 1 14 statical results, there are only five which 
have been omitted in the graphical representation; (though of 
course included in the table). Four of these are, Ballybunian, 
Dingle, Gorey, and Rathdrum, all in the south of Ireland, and 
amongst our earliest observations. The two first named were 
my stations, and the intensity is in excess; — the two others 
were Mr. Lloyd's stations, and the intensity is in defect of the 
general body of the results ; the omission of the four should 
consequently have no effect on the position of the lines. 

The fifth observation omitted in the map is Captain Rosa's 
at Berwick, which would furnish a point for the Vine of 1 '03 in a 
geographical position which is nearer the line of 1'03. 

The evidence supplied by the collective horizontal observa- 
tions is, however, too valuable to he dispensed with in the 
representation. I have collected in the following Table the 
values of the intensity derived, for the respective mean geogra- 
phical positions, from the combined observations of each series, 
both horizontal and statical. In the map the central stations 
are designated thus, -f-, with the initial of the observer an- 
nexed ; and the points furnished by the respective intensities 
for the nearest adjacent line thus, +, with H or S', according 
as the series was norizontat or statical, and a figure is added 
expressing the number of stations contributing to the result. 
In Ireland the one central station has been taken by Mr. 
Lloyd as common to all the series, and the initials of the ob- 
server, therefore, are transferred to the points. 
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^^m The General Table of the intensity results by the statical " 
^^B method Is analogous to the General Table of the Dip observa- 
^^^H tions : it appears, therefore, to require no separate explanation. 
^^M The intensities which exceed 1 -035 belong to the line of 1 -O*, J 
^^H of which no representation has been attempted, because the.^| 
^^H results on which it would rest are all, with a single exception, ^| 
^^H on one side of the line. The stations to which these result* ^| 
^^H belong are, however, retained in the map, and are accom-^^ 
^^^H panied in each case by the numerical value of the obserTdd.^! 

^^H General Table. ^| 
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Extension of the Isoclinal ami Isodynamic Lines tnio Meri- 
dians East and West of the British Islands, 

Having thus completed the representation of the principal 
lines of dip and intensity passing across the British Islands, it 
appears desirable to trace their prolongation on either side, 
until they are brought in connexion with the lines of the same 
value in adjacent meridians to the east and west, as determined 
by recent and satisfactory observations. As a single hne of 
each of the phenomena will suffice to exhibit this connexion, I 
have selected for that purpose the isochnal line of 70", and the 
isodynamic line of 1'03. 

In Plate III. the portion of the isoclinal line, which is repre- 
sented by an unbroken line, has been determined by the ob- 
servations contained in this i-eport. In its eastern prolongation 
it passes through countries where its position is well assured 
by observations of higher amount on the one side, ami of lower 
amount on the other, too numerous for insertion in a map on 
so smidi a scale, and too well known to need a recapitulation 
here. Towards the north-eastern extremity of the map, the 
position of Gros Novgorod is marked in lat. 58° 31' and long. 
;jl° 19', where M. Erman observed the dip 70° W'l on the 
ISlh of July, 1838. This observation, reduced to January 
1 837, by allowing an annual diminution of 3', becomes 70° 00''6 : 
the line of 70° is therefore made to pass through this station. 
To the west of the British Islands, the line is prolonged until 
it is brought in connexion with M. Erman's observations on 
his homeward passage, in August 1830. For tliis purpose I 
have formed JVI. Erman's observations into two groups, each 
of three stations, as follows: 
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lowing, as in Britain, an annual decrease of 2H, the dips in 
January 1837, corresponding to the mean positions of these 
groups, are as follows : 
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These positions are marked in the Map, and the isoclinal line 
of 70" is prolonged to tlie westward in correspondence with 
the mean of M- Ennaii's observations thus corrected for 
epoch. 

To connect the isodynamic line of 1'03 with intensities of 
the same value in the adjacent meridians, it is necessary to ex- 
press tlie value of this line in terms of the arbitrary scale em- 
ployed by Continental observers, in which the force in Lon- 
don=l'372. In this scale the line of 1-03 corresponds in value 
to (1-03 X 1-372 = ) 1-413. The portion of this line which is 
represented in the Map by an unbroken line has been deter- 
mined by the observations contained in this report. Its pro- 
longation to the eastward is traced in conformity with M. 
Hansteen's observations in Norway, and with MM. Han- 
steen's and Erman's in Russia. The station marked in lat. 
60° 1 1' and long. 10° ilQf is the mean geographical position of 
a group of six stations in Norway, not far removed from each 
other, for which M. Hansteen's observations in 1821, 1823, 
and 1835, gave a mean intensity of I'414 {7th Report, British 
Association, page 49). At Gros Novgorod (lat. 58° 31', long. 
81° 19') the determinations of MM. Hansteen and Erman ac- 
corded in assigning l'il2 as the value of the force (7th Report, 
British Association, page 51), and the line has been still fur- 
ther extended, in conformity with the observations of the same 
gentlemen at Moscow, in lat. 55° 46', and long. 37" 3&, tbeir 
mean determination being 1-405. The position of the line in 
its western prolongation has been drawn in conformity with the 
values of the intensity at the islands of Terceira and Madeira, 
contained in the general table of the memoir on the magnetic 
intensity already referred to, viz. 

Terceira 



Madeira ■ 



. FitzRoy . . 1836 . . . 1-457 
/Sabine. . . 1822 . . . 1-3731, „__ 
\King . . . 1826. . . 1-377J* '*'•*• 
Both stations are included in the Map, The vahres of the 
force at M. Erman's dip stations in the same quarter, deter- 
mined by the same excellent observer, are also inserted in the 
map, as afifbrding corroborative evidence of the correct position 
of the isodynamic hne in this its western extension. 
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In order to render the view in this Map of the magnetic 
phenomena in the British Islands more complete, I have added 
the direction, shown by arrows, of the horizontal or compass 
needle at three extreme stations, determined by Captain James 
Clark Ross, viz. Lerwick, in the Shetland Islands ; Valencia, 
at the S. W, extremity of Ireland ; and Bushey, near London, 
The geographical positions of these stations, and the variations 
observed at them, are as follows, the latter Ijeing the mean va- 
riation at the epoch named, obtained by observations repeated 
every fifteen minutes from 7 a.m. to 7 p.m. for several succes- 
sive days. 
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